
Date of Printing: NOV 07,2005 



KEYCITE 

CuS PAT 6002032 TRANSITION METAL COMPOUND, Assignee: Targor GmbH (Dec 14, 1999) 

History 

= > 1 TRANSITION METAL COMPOUND, US PAT 6002032, 1999 WL 1769190 (U.S. PTO 

Utility Dec 14, 1999) (NO. 478900) 

Assignments 

2 ASSIGNEE (S): TARGOR GMBH RHEINSTR. 4G MAINZ GERMANY D-551, DATE 
RECORDED: Sep 25, 1998 

3 Assignee (s) : HOECHST AG FRANKFURT AM MAIN, FED REP GERMANY D-65926, DATE 
RECORDED: Jun 07, 1995 

Patent Status Files 

Reissue Application Filed, (OG date: Nov 16, 2004) 
Reissue Application Filed, (OG date: Aug 14, 2001) 

Prior Art 

C 6 US PAT 5594081 CATALYST COMPONENT FOR THE POLYMERIZATION OF &ALPHA; - 

— OLEFINS AND A PROCESS FOR PREPARING &ALPHA; -OLEFIN POLYMERS WITH USE OF 

SAME, Assignee: Mitsubishi Chemical Corporation, (U.S. PTO Utility 1997) 
7 US PAT 5633394 CATALYST COMPOUNDS FOR OLEFIN POLYMERIZATION, Assignee: 

Exxon Chemical Patents Inc., (U.S. PTO Utility 1997) 
C 8 US PAT 5241025 CATALYST SYSTEM OF ENHANCED PRODUCTIVITY, Assignee: Exxon 

Chemical Patents Inc., (U.S. PTO Utility 1993) 
C 9 US PAT 5198401 IONIC METALLOCENE CATALYST COMPOSITIONS, Assignee: Exxon 

Chemical Patents Inc., (U.S. PTO Utility 1993) 
C 10 US PAT 5631391 MONOCYCLOPENTADIENYL TITANIUM METAL COMPOUNDS FOR 

ETHYLENE -&ALPHA; -OLEFIN- COPOLYMER PRODUCTION CATALYSTS, (U.S. PTO 

Utility 1997) 

C 11 US PAT 5189192 PROCESS FOR PREPARING ADDITION POLYMERIZATION CATALYSTS 

VIA METAL CENTER OXIDATION, Assignee: The Dow Chemical Company, (U.S. 
PTO Utility 1993) 

C 12 US PAT 5631202 STEREOSPECIFIC METALLOCENE CATALYSTS WITH STEREOLOCKING 

&ALPHA; -CP SUBSTITUENTS , Assignee: Montell Technology Company B.V., 
(U.S. PTO Utility 1997) 

C 13 US PAT 5527929 ZWITTERIONIC B I SCYCLOPENTAD I ENYL COMPLEXES, Assignee: The 

Dow Chemical Company, (U.S. PTO Utility 1996) 

A green C indicates that the patent has citing references. 



® Copyright 2005 West, Carswell, Sweet & Maxwell Asia and Thomson Legal & 
Regulatory Limited, ABN 64 058 914 668, or their Licensors. All rights reserved. 




Date of Printing: NOV 07,2005 



KEYCITE 

Cus PAT 6002032 TRANSITION METAL COMPOUND , Assignee: Targor GmbH (Dec 14, 1999) 

Citing References 
Citing Patents (coverage begins 1976) 

1 US PAT 6949614 CATALYST SYSTEM, Assignee: Basell Polyolefine GmbH, 
(U.S. PTO Utility Sep 27, 2005) ( 

) 

2 US PAT 6475947 OLIGOMERIC METALLOCENES AND THEIR USE, Assignee: 
Phillips Petroleum Company, {U.S. PTO Utility Nov 05, 2002) 



® Copyright 2 005 West, Carswell, Sweet & Maxwell Asia and Thomson Legal & 
Regulatory Limited, ABN 64 058 914 668, or their Licensors. All rights reserved. 



Courtlink and Lexis Litigation Search for U.S. Patent No. 6,002,032, Case: 09/851,643 



'3 lotrsllexis Courtl Ink * Microsoft Internet f xpktrer provided by USPTO _ 



OIE1 



HI 



LexisNexis* CourtLinlc 



Order Pocurnyntf I A*<HibU Courti t L«xt».ccm &jfln,Qwt I Hliel' 



Welcome Kristine Henstel 



HyCourtUnk 



^ Search > Patent Search 



D3533B51 



Enter a Patent Number or Select a District Court 



• Entering a patent number displays all cases related to that patent. 

• Selecting a Court displays all patent-related cases for that court. 



Enter ■ Patent Number f Irtfol 
|§0O2032 j 



Select ■ Pfcrtrtct Court 
I - Select - 



Cases filed between these dates (optional): 
Frortu Tot 

i m 0 i h 0 



Pent Hetter Code) [jflfaJ 



Code*; Qp ftU 



lh»st cod** will ipp*ir on yotrinvoic* c*xra> chirpts im*oatt*d with this turch. Tht vtluts wiH b* prtswtd until chtr^td. 



4 
4 

Si 

Km 

m 



Searched for the patent in Courtlink. 



U.S. Patent No. 6,002,032 



Page 1 of 10 



LexKflexis Court! ink - Microsoft Internet fxplorer provided by USPTO 



0 http5i//axrtMUexigTg3Q3ua n V^w 



3 



Iwlalxl a 



(3©) |(Ix3|©ec33 g? j o 



IslMifliHM 



LexisNexis* Courtiinh 



Welcome Kristine Hensle! 



SsatSh > Patent Search > Searching 

Patent Search - Number: 6002032 
No cases containing this patent number were found. 



Onit Pflo»m«nti 1 Avitl»M« Court* I ( ^qi^om Sinn Out! HtlpIP 

i 



(Chargta for lurch still ippfy) 



Hester Services Agreement 

C opv n p h t fl 200 S LexisNexis, 9 division of Reed Bsevier Inc. Alt rights reserved. 



man 



No cases were found. 



U.S. Patent No. 6,002,032 



Page 2 of 10 




Command Searching > Utility, Design and Plant Patents CD 



Enter Search Terms 



0ferrra and Connectors O H**"™) L««gu*g* Qc*sy Wfch 



□I 



Search Comieciots 



petno~60O2O32| 



&Joacst Terms 
lor My Search 



Use connectors to show refetionsftps 
between search terms. (Hover over a 
connector tor description. Csck s 
connector to sdd to seen*.) 



Restrict by Segment 

Select a segment enter search terms for the segment, then click Add 
| Select a Segment ES| \ 



1 1 Add; 1 1 



Note: Segment evekblty differs between sources. Segments may not be epjifietf consotentljr across 



Re strict by Date: 

<?. | ^DaJ^esj^wB |g| . O From {~_ 



I To L „J Pate Formats.. 



Syntax 



wftt 
not wffl 
ore/H 
w/p 

flDtw/D 

w/s eo. 
not w/tfro 

not w/s 



Definition 

and 

or 

within N words 
not within N words 
precedes by N words 
in same paragraph 
not In same paragraph 
In same segment 
not In same segment 
in same sentence 
not In same sentence 
and not 

View Search Commands.. 



My lexis™ I Search I Research Tasks I Search Advisor I Get a Document 1 Sheoardi® I 
History I Pefrerv Manager I SwEcti Cfient 1 Preferences I Feedbac* I Sion OH I Heto 
About Lexisttexis I Terms and CondBona 




Searched the Utility, Design and Plant Patents database. 



U.S. Patent No. 6,002,032 



Page 3 of 10 



^ Search - 1 Result - patno=600?03? - Microsoft Internet f xplorer provided by USPTO 

& m ^ t^CTgg m> 

^ LeX IS NfX'i S 7^/ ft^xjtch System 



n 

(3) 











FOCUS™ Terms |p*no»60a2Q32 


I Search VWhin I^IDoaxnert. raJ*'|HEl.EQC! 




■■',!.. . : *>--«*j 


View: KW1C | FuB | Custom 


Says As Mr! I Mere UKe Tms I Mwe UKe selected. Te*t 

Pat MO. 6002032 (Copy wf CM 


U| Print 1 Down 


load 1 Fax 1 Email 1 Text Onfv 
Pases: 38 



Source: Command Searching > Ulifrtv. Design and Want Patents ED 
Terms: patno=6002032 (Edit Search, I StiftTCSl Terms fpf Mr Search) 

478900 (03) 6002032 December 14, 1999 
UNITED STATES PATENT AND TRADEMARK OFFICE GRANTED PATENT 
6002032 

Access PPF Qf Officii Patent * 
Check for Patent Family Report PPF ayaflaWity * 

* Not*; A transactional charge will be Incurred for downloading in Official Patent or P»t*flt 
Family Report. Your acceptance of this charge occurs In a la tar step in your session. Tha 
transacdonal charge for downloading la ouukia of cuitomar subscriptions; It Is not Included In 
any flat rata packages. 

L*nK tP Claims Section 
December 14, 1999 
Transition metal compound 

REISSUE: Reissue Application filed May 8, 2001 (O.G. Aug. 14, 2001} Ex. Gp.: 1621; Re. S.N. 09/851,643, (O.G. August 14, 2001) 
July 16, 2004 - Reissue Application filed Ex. Gp.: 1621; Re. S.N. 10/893,057 (O.G. November 16, 2004) 

INVENTOR: Erker, Gerhard - Munster, Germany (DE); Temme, Bodo - Munster, Germany (DE); Auibach, Michael - Hofheim, Germany (DE); 
Bachmann, Bernd - Eppstein. Germany (DE); Kufaer, Frank - Oberursel, Germany {DE| 



k Explore 



Mfly^^l Papa | ggsgs&ia^ 1 ^ILl Te £ ro ^.^ 



Lexis lists litigation at the top of its patents; No litigation listed aside from Reissue. 



U.S. Patent No. 6,002,032 



Page 4 of 10 




Command Searching > Patent Cases from Federal Courts and Administrative Materials £D 



Enter Search Terms 



0 Trnms and Connector* Q 

6002032 or 6,|002,032 



□! 



Seoich Connectors 



I Use connectors to stow retstionsftfes 
I between search terms. (Hover over a 
I connector tor description. CBck e 
I connector to add to tearch.) 



Restrict by Segment: 

Select a segment enter search terms for (he segment, [hen dick Add. 



1 Select a Segment iSj | 
Kote: Segment avafcbity differ* between sources. Seoments may not be oppfied conjjjtsnOy across 



Re strict by Pate: 

<?, | No Dat e Restr ictions jr] O From [] 



.To. 



Date Formats.. 



Syntax 

and 

sr. 

w/H 
not w/H 
Pfft/N 
wft> 



Definition 

and 

or 



within N words 
not within N words 
precedes by N words 
in same paragraph 
not In same paragraph 
in same segment 
not wfreg not in same segment 
x& in same sentence 
notw/s not in same sentence 
and not and not 

Vi<m Swrch commands,, 



w/seo 



M* Lexis 1 * | Search | Research Tasks | Search Advisor | Get a Document | SnepartfSP | Atefts 
History I Oewwv Manager I Switch Cfent t Preferences I Feedbac* I SionOfH Heto 
About LctisHexte I Terns and Cendlbns 



i6*M &2DG3D 



Searched the Federal Courts and Administrative Materials. 



U.S. Patent No. 6,002,032 



Page 5 of 10 



Search - Bo Documents round - Microsoft Internet Explorer provided by USPTO 

g5 m S5S 5&5ui3 fc£3 !g£> 

©ess o ;j9 o f$ jfe l^freaaa ^aaaes <g; [ % (Eg) jj, 



No Documents Found! 

No documents were found for your SBarch terms 
■6002032 or 6,002.032" 



Ctick "Save this search as an Alert" to schedule your search to run in 
the future. 

-0R- 

Ctick "Edit Search" to return to the search form and modify your 

search. 

Suggestions: 

• Check for spelling errors. 

• Remove some search terms. 

• Use more common search terms, such as those listed in 
"Suggested Words and Concepts" 

• Use a less restrictive date range. 



|EditS*<rch| 



Copyrtonte 2005 LexisWexi*, s dMscn of Reed Efcevier he. Al right* reserved. 



I 

I 

i 

Sflii 

i 



No documents found. 



U.S. Patent No. 6,002,032 



Page 6 of 10 




Command Searching > Patent, Trademark A Copyright Periodicals, Combined □ 

0 Ttrrm «nd Con*»»ctOr» Q Katun) Language Q E*** W«r«h 



□ 



Search Connectors B 



6002032 or 6,002,032| 



Restrict by Segment 

Select a segment enter search terms for the segment, men cUck Add. 
| Select a Segment IS] j jj*ddjt| 

dote: Seoraent avelabRy differs between sources. Segments may not be eppfied coninferfty across 
sources. 



Use connectors to show retstnnsnps 



for description. Cftck a 
to add to search.) 



Re strict by Date: 

<*, | No Date Restnctiortslp) Q From £ 



.Tol 



J Pate Formes,, 



Syntax 



net wW 
ore/H 

wie 

not w/p 
w/sea 
not w/tM 
wis 
not wfr 



Definition 

and 

or 

within N words 
not within N words 
precedes by N words 
in same paragraph 
not In same paragraph 
in same seamen! 
not tn same segment 
in same sentence 
not in same sentence 
and not 

View Search Commands.. 



ftfrLfflfff™ I Search | Research Tasks I Search Advisgf i Gel a Document I Sftgganft® I Aterts 

Httory I PtffflY Manager I Swftcr, gfignt j Preferences, j Fg«ibac> I §w Off i 



§1 



Searched the IP journals and periodicals database. 



U.S. Patent No. 6,002,032 



Page 7 of 10 



'3 Search - tio Documents round - Microsoft Internet fxplorer provided by USPTO 

©sa q-^-. jff jgjj |^»toa> Jesses <g; I gjo ^ [i§ H 4£> 



~0i 




No Documents Found! 

No documents were found for your search terms 
"6002032 or 6.002,032" 



Click "Save this search as an Alert* to schedule your search to run in 
the future. 

-OR- 

Click "Edit Search" to return to the search form and modify your 

search. 

Suggestions. 

• Check for spelling errors. 

• Remove some search terms. 

• Use more common search terms, such as those listed in 
"Suggested Words and Concepts" 

• Use a less restrictive date range. 



{Edit 8«tcH| 




No articles were retrieved. 



U.S. Patent No. 6,002,032 



Page 8 of 10 




Searched the all news sources database. 



U.S. Patent No. 6,002,032 



Page 9 of 10 



3 Search - (to Document.* round - Microsoft Internet txplorer provided by USPTO 



_gE3E5 - 



3 nttp://^^.con^e radTftere ^^ 



No Documents Found! 

No documents were found for your search terms 
-G002032 or 6,002,03? 



Cltclt "Save this search 33 an Alert" to schedule your search to run in 
the future. 

-OR- 

Click "Edit Search" to return to the search form and modify your 

search. 

Suggestions: 

• Check for spelling errors. 

• Remove some search terms. 

• Use more common search terms, such as those listed in 
"Suggested Words and Concepts" 

• Use a less restrictive date range. 



[Edit Sairehj 



Copyright C 2005 LexteHexfr. a dwtofiof Reed Ehevterhc Al rigfiti reserved. 



m 



mm 



No articles were retrieved. 



U.S. Patent No. 6,002,032 



Page 10 of 10 




US PAT 6002032 Page 1 

US PAT 6002032, 1999 WL 1769190 (U.S. PTO Utility) 



c 

United States Patent 
Copyright (c) 2005 Derwent Information. All rights reserved. 

Patent Number: US 6002032 

Document Type: Utility 

Title: TRANSITION METAL COMPOUND 

Issue Date: December 14, 1999 (19991214) 

Inventor (s) : Erker, Gerhard (MEunster, Federal Republic of Germany); Temme, Bodo 
(MEunster, Federal Republic of Germany) ; Aulbach, Michael (Hofheim, Federal 
Republic of Germany) ; Bachmann, Bernd (Eppstein, Federal Republic of Germany) ; 
KEuber, Frank (Oberursel, Federal Republic of Germany) 

Patent Assignee: Targor GmbH (Federal Republic of Germany) 

Application Number: 478900 

Application Date: June 7, 1995 (19950607) 

Priority: 

June 13, 1994 (19940613) [DE] Federal Republic of Germany 44 20 456 

International Class: [6] C07F-007/08 

U.S. Class: 556/011; 556/027; 556/028; 556/053; 502/152; 502/158; 502/117; 502/155; 
502/103; 502/104 

Field Of Search: 556/011; 556/027; 556/028; 556/053; 502/152; 502/158; 502/117; 
502/155; 502/103; 502/104 

REFERENCES CITED: 

U.S. Patent Documents: 



5189192 


1993/02 


LaPointe et al . 




5198401 


1993/03 


Turner et al . 




5241025 


1993/08 


Hlatky et al. 




5527929 


1996/06 


Timmers et al . 


556/011 


5594081 


1997/01 


Uchino et al . 


526/127 


5631202 


1997/05 


Ewen 


556/011 


5631391 


1997/05 


Canich 


556/011 



Copr. ® West 2004 No Claim to Orig. Govt. Works 



US PAT 6002032 

US PAT 6002032, 1999 WL 1769190 (U.S. PTO Utility) 

5633394 1997/05 Welborn et al . 

Non-U . S . Patent Documents : 

2072058 1992/12 Canada 

1337142 1995/09 Canada 

0 227 004 1988/08 European Patent Office (EPO) 

Other Publications: 
Van der Linden et al . , J.A.C.S., 1995, vol. 117, pp. 3008-3021. 
European Search Report No. 95108411, Sep. 27, 1995. 

Chemical Abstracts, vol. 119, No. 23, p. 997 .Base-free Cationic Mono . . . Olefin 
Polymerization . 

Journal of American Chemical Society, 1995, 117, 3008-3021, Polymerization of 
Alpha . . . 1-Alkynes . 

P. Zdunneck et al . , ""EUber Die Reaktion . . . "", J. Organomet . Chem., 1970, vol. 
22, pp. 659-663. 

M. Bochmann, M "Kationische Alkylkomplexe . . Nachr. Chem. Tech. Lab., 1993, 

vol. 41, pp. 1220-1228. 

X. Yang et al . , " " "Cation-like ' Homogeneous J. Am. Chem. Soc . , 1991, vol. 

113, 3623-3625. 

Primary Examiner: Shaver, Paul F. 

Attorney/ Agent/Firm: Connolly Bove Lodge & Hutz LLP 

ABSTRACT : 

The present invention relates to zwitterionic neutral transition metal compounds. 
The compounds are suitable as catalyst components for the polymerization of 
olefins . 

Claims: 21. 

Patent Pages: 13 

Drawing Sheets: 0 

The present invention relates to a zwitterionic, neutral transition metal compound 
which can be advantageously used for the polymerization of olefins. In this way, 
the use of aluminoxanes such as methylaluminoxane (MAO) as cocatalyst can be 
omitted while still achieving high catalyst activities. 

The role of cationic 14 -electron complexes of the formula R sub3 M+ (M = Ti, Zr, 
Hf) in Ziegler-Natta polymerization using metallocenes is generally recognized (M. 
Bochmann, Nachr. Chem. Lab. Techn. 1993, 41, 1220) . 

While MAO, as the hitherto most effective cocatalyst, has to be used in a high 
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excess, the synthesis of cationic alkyl complexes of the formula R sub3 M+ (M = Ti, 
Zr, Hf) provides a route to MAO- free catalysts, some of which have comparable 
activity. 

Cationic alkyl complexes can be prepared by a) oxidation of metallocene-dialkyl 
complexes with, for example, 

AgBPh sub4 or [Cp sub2 Fe] [BPh sub4 ] , b) by protolysis of metallocene-alkyl 
compounds with, for example, 

Weakly acid ammonium salts of the very stable, nonbasic 

Tetra(pentafluorophenyl) borate anion (e.g. [PhMe sub2 NH] +[B(C sub6 F sub5 ) sub4 
] - ) or 

By c) abstraction of an alkyl group from metallocene-alkyl compounds by 
Means of strong Lewis acids. Lewis acids which can be used here are 
Salts (Ph sub3 C+BR sub4 - ) or 

Strong neutral Lewis acids such as B(C sub6 F sub5 ) %L 
3%L. 

J. Organomet. Chem. 1970, 22, 659, describes a reaction of tetramethyltitanium with 
triphenylborane or tribenzylborane . 

J. Am. Chem. Soc . 1991, 113, 3623, describes the synthesis of ' 1 cation-like ' 1 
metallocene polymerization catalysts which are prepared by alkyl abstraction from 
metallocene-alkyl compounds using tris (pentaf luorophenyl) borane . The crystal 
structure of [ 1,2- (CH sub3 ) sub2 C sub5 H sub3 ] sub2 -ZrCH3]+[CH sub3 B(C sub6 F 
sub5 ) sub3 ] - shows a salt-like structure with weak coordination of the CH sub3 
group of the borate anion to the metal center. EP 427,697 claims this synthetic 
principle and a corresponding catalyst system comprising a neutral metallocene 
species (eg. Cp sub2 ZrMe sub2 ), a Lewis acid (eg. B(C sub 6 F sub5 ) sub3 ) and 
aluminum alkyls. EP 520,732 claims a process for preparing salts of the general 
formula LMX+XA - according to the abovedescribed principle. 

EP 558,158 claims zwitterionic catalyst systems prepared from metallocene-dialkyl 
compounds and salts of the formula [R sub3 NH] + [BPh sub4 ] - . Reaction of such a 
salt with Cp* sub2 ZrMe sub2 generates, by means of protolysis with elimination of 
methane, an intermediate zirconocene-methyl cation which reacts, after C--H 
activation of a tetraphenylborate carbon-hydrogen bond and renewed elimination of 
methane, to give the zwitterion Cp* sub2 Zr+- (m-C sub6 H sub4 ) - B - Ph sub3 . The 
Zr atom is here covalently bonded to a carbon atom of the phenyl ring and is 
stabilized via an agostic hydrogen bond. According to this reaction principle, 
protolysis of a metallocene-dialkyl species with a perf luorinated [R sub3 NH]+[B(C 
sub6 F sub 5 ) sub4 ] - salt in the first step likewise forms a cationic species, 
with the subsequent reaction (C--H activation) to give zwitterionic complexes (i.e. 
the metal atom is covalently bonded to the former 1 ' anion) not being possible. 
This process also uses metallocenes CP sub2 MR sub2 in which the alkyl radicals R 
are cyclically bonded to one another, for example Cp sub2 Zr (2 , 3-dimethyl-l, 3- 
butadiene) . Salts of the formula [Cp sub2 Zr- -R--RH] + [B (C sub6 F sub5 ) sub 4 ] - 
are formed after protonolysis . 

U.S. Pat. No. 5,198,401 claims corresponding systems in which 



Copr. ® West 2004 No Claim to Orig. Govt. Works 



US PAT 6002032 

US PAT 6002032, 1999 WL 1769190 (U.S. PTO Utility) 



Page 4 



dimethylanilinium salts having perf luorinated tetraphenylborateY anions are used. 
This reference also uses metallocenes Cp sub2 MR sub2 in which the alkyl radicals 
R are cyclically bonded to one another, for example Cp sub2 Zr- (2 , 3 -dimethyl- 1,3- 
butadiene) . After protonolysis, salts of the formula [Cp sub 2 Zr- -R- -RH] + [B (C sub6 
F sub5 ) sub4 ] - are likewise formed. EP 277,003, EP 277,004, EP 495,375 and WO 
91/14713 claim systems according to a similar process principle. 

The processes described for preparing the cat ionic systems of the formula [R sub3 
M] + [BR sub4 ] - (M = Ti , Zr, Hf) have the disadvantage that the cationizing 
reagents [R sub3 NH+BR sub4 - ] are sometimes complicated to synthesize and 
costly. In addition, there is the problem that an amine R sub3 N is formed from the 
ammonium salt after protonolysis, which amine, in the case of sterically unhindered 
metal centers, can coordinate to the strong Lewis acid R sub3 M+ cation (U.S. Pat. 
No. 5,198,401) and thus leads to low polymerization activities. 

The zwitterionic complexes of the structure Cp sub2 Zr+-m-C sub6 H sub4 B - Ph sub3 
have the disadvantage that the starting compounds are expensive and complicated to 
synthesize and have low polymerization activity. 

Owing to their salt-like character, cationic systems of the structure [Cp sub2 
MR]+[RB(C sub6 F sub5 ) sub3 ] - have very high hydrolysis sensitivities and can 
be used on an industrial scale only to a limited extent. The activities observed 
for these systems are low owing to the abovementioned stability problems and the 
presumably sometimes strong coordination of the alkyl group of the borate anion to 
the metal center. 

It is an object of the invention to find a transition metal compound which avoids 
the disadvantages of the prior art. 

It has now been found that this object can be achieved by specific zwitterionic 
transition metal compounds. 

The present invention accordingly provides a zwitterionic transition metal compound 
of the formula I 

TABULAR OR GRAPHIC MATERIAL SET FORTH AT THIS POINT IS NOT D I S PLAYABLE 

L are identical or different and are each a <<pi>>-ligand or an electron donor, n 
is equal to 1, 2, 3 or 4, 

M is a metal atom of group Illb, IVb, Vb or VIb of the Periodic Table of the 
Elements , 

X is a heteroatom or a hydrocarbon group having 1-40 carbon atoms, 
B is a hydrocarbon group having 1-40 carbon atoms, 

A is a metal atom of group lb, lib, Ilia, Illb, IVa, Va, Vb, VIb, Vllb or VHIb of 
the Periodic Table of the Elements, 

Rl are identical or different and are each a perhalogenated C subl -C sub40 - 
hydrocarbon radical, and m is equal to 1, 2, 3, 4 or 5« 

The metal atoms M and A bonded to one another by covalent bonds via the structural 
elements X and B . If X is an allyl unit, the bonding of X to the metal atom X can 
be a <<sigma>>-allyl or a <<pi>>-allyl bond. <<pi>>-Ligands are preferably 
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unsubstituted or substituted cyclopentadienyl groups such as 2- 
methylcyclopentadienyl , indenyl , 2 -methylindenyl , 2 -methyl -4 -phenyl indenyl , 2 - 
methyl -4, 5-benzoindenyl, 2 -methyl -4, 6-diisopropylindenyl, 4, 5-benzoindenyl, 
fluorenyl, 4, 7-tert-butylf luorenyl or 2 -methyl -4- (2 -pyridyl) indenyl . 

For the purposes of the present invention, an electron donor is an atom of group 
IVa, Va, Via or Vila of the Periodic Table of the Elements, which can bear 
substituents such as C subl -C sub 20 -hydrocarbon groups. Preference is given to 
O, NR4 sub2 , NR4, NR4 sub3 , PR4 sub 2 , PR4 , PR4 sub3 , S, P(OR4) sub 2 , P(OR4) 
or CI, where R4 is C subl -C sub20 -alkyl or C sub6 -C subl4 - aryl . 

Two radicals L can be linked to one another via a bridge (Z) . 

The bridge Z is preferably 

TABULAR OR GRAPHIC MATERIAL SET FORTH AT THIS POINT IS NOT DISPLAYABLE 

18 , or R2 and R3 together with the atoms -connecting them form one or more rings and 
R2 or/and R3 can be bonded to L and M2 is silicon, germanium or tin. 

Z can also link two or more identical or different groups L sub n M+XBA - Rl subm 
with one another. 

For the purposes of the present invention, a heteroatom is any atom of the Periodic 
Table of the Elements with the exceptions of carbon and hydrogen. Preference is 
given to O, S and N. 

Hydrocarbon groups X and B can be saturated or unsaturated, linear or branched, eg. 
a C subl -C sub20 -alkyl group, a C sub6 -C subl4 -aryl group, a C sub2 -C sub 10 - 
alkenyl group, a C sub7 -C sub40 -arylalkyl group, a C sub7 -C sub40 - alkylaryl 
group or a C sub 8 -C sub40 -arylalkenyl group. Preference is given to substituted 
or unsubstituted alkyl groups which can also have aromatic structural elements. 

Preference is given to n = 1 when M is an element of group Illb of the Periodic 
Table of the Elements; n = 2 when M is a metal atom of group IVb of the Periodic 
Table of the Elements; n = 3 when M is an element of group Vb of the Periodic Table 
of the Elements; and n = 4 when M is an element of group VIb of the Periodic Table 
of the Elements. 

Rl is a C subl -C sub4 0 -hydrocarbon radical which is perhalogenated with halogen 
such as fluorine, chlorine, bromine or iodine, in particular a perhalogenated C 
subl -C sub30 -alkyl group such as trif luoromethyl , pentachloroethyl , 
heptaf luoroisopropyl, or monof luoroisobutyl or a perhalogenated C sub6 -C sub3 0 - 
aryl group such as pentaf luorophenyl, heptachloronaphthyl , heptaf luoronaphthyl or 
heptaf luorotolyl . 

Particular preference is given to compounds of the formula I, where 

M is a metal atom of group IVb of the Periodic Table of the Elements, such as 
titanium, zirconium or hafnium, 

N is equal to 2, 

L are identical or different and are each a substituted or unsubstituted 
cyclopentadienyl group, where two radicals L can be linked to one another via a 
bridge Z and 
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Z is CR2R3 or SiR2R3 or a unit Si--(CR2R3) subx --Si which links two fragments L 
subn M+XBA-R1 subm with one another, where x is an integer from 0 to 10, 
preferably x = 6, 

X and B together form a three -membered to f ive-membered (C sub3 -C sub5 ) -alkyl 
chain which is saturated or unsaturated and can be substituted by C subl -C sub2 0 - 
hydrocarbon radicals, 

A is a metal of group lb, lib, Ilia, IVa, Va, Vb of the Periodic Table of the 
Elements, 

Rl are identical or different and are each a perf luorinated alkyl or aryl group 
having from 1 to 20 carbon atoms and 

M is equal to 2, 3 or 4 . 

Very particular preference is given to compounds of the formula I, where 
M is zirconium, 
N is equal to 2, 

L are identical or different and are each a substituted cyclopentadienyl group, 
where two radicals L are bonded to one another via a bridge Z, where Z is CR2R3 or 
SiR2R3, 

X and B together form an unsaturated f our-membered (C sub4 ) -alkyl chain whose 
hydrogen atoms can also be replaced by C sub 1 -C sub2 0 -alkyl groups, 

A is a boron atom, 

Rl are identical and are each a pentaf luorophenyl group 
(C sub6 F sub5 ) and 
M is equal to 3. 

Examples of compounds of the invention are: bis (cyclopentadienyl) Zr+CH sub2 CHCHCH 
sub2 

B - (C sub6 F subs ) sub3 ; bis (methylcyclopentadienyl) Zr+C sub2 CHCHCH%L 

2 subB - (C 6 subF 5 sub) 3 sub; bis (n-butylcyclopentadienyl) Zr+CH 2 subCHCHCH 

2 subB - (C 6 subF 5 sub) 3 sub; bisindenylZr+CH 2 subCHCHCH 2 subB - (C 6 subF 5 
sub) 3%L; (tert-butylamido) dimethyl (tetramethyl-<<eta>>5 - 

Cyclopentadienyl) silaneZr+CH sub2 CHCHCH sub2 

B - (C sub6 F subS ) sub3 ; bis (2 -methylbenzoindenyl) Zr+CH sub2 
CHCHCH sub2 B - (C sub6 F subS ) sub3 ; 
dimethylsilanediylbis (2 -methyl indenyl) Zr+CH%LY 
2 subCHCHCH 2 subB - (C 6 subF 5 sub) 
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3%L; 

dimethylsilanediylbisindenylZr+CH sub2 CHCHCH%LY 
2 subB - (C 6 subF 5 sub) 3%L; 

dimethylsilanediylbis (2-methylbenzoindenyl) Zr+Y 
CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; 
dimethylsilanediyl (2-methylbenzoindenyl) (2-Y 

Methylindenyl)Zr+CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; 
dimethylsilanediyl (2-methylbenzoindenyl) (2-methyl-Y 
4 -phenyl indenyl) Zr+CH sub 2 CHCHCH sub 2 B 
(C sub6 F sub5 ) sub3 ; 

dimethylsilanediyl (2-methylindenyl) (4-Y 

Phenyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; 

dimethylsilanediylbis (2 -methyl -4 -phenyl indenyl) ZrY +CH sub2 CHCHCH sub2 B - (C sub6 
F sub5 ) sub3 ; 

dimethylsilanediylbis (2 -methyl -4, 6-Y 
Diisopropyl indenyl) Zr+CH sub2 CHCHCH sub2 
B - (C sub6 F subS ) sub3 ; 

dimethylsilanediylbis (2 -methyl- 4 -naphthyl indenyl) ZrY +CH sub2 CHCHCH sub2 B - (C 
sub 6 

F subS ) sub3 ; isopropylidene (cyclopentadienyl) (f luorenyl) Zr+CH%L 

2 subCHCHCH 2 subB - (C 6 subF 5 sub) 

3 sub; isopropylidene (cyclopentadienyl) (indenyl) Zr+CH 
2 subCHCHCH 2 subB - (C 6 subF 5 sub) 

3%L; [4 -<<eta>>5 -cyclopentadienyl -4, 7, 7-trimethyl- 
(<<eta>>5-4, 5, 6,7-tetrahydroindenyl) Zr+ 
CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; 
dimethylsilanediylbis (2-methylindenyl) Zr+OCH%LY 
2 subCH 2 subCH 2 subB - (C 6 subF 
5 sub) 3%L; 



Copr. ® West 2 004 No Claim to Orig. Govt. Works 



US PAT 6002032 Page 8 

US PAT 6002032, 1999 WL 1769190 (U.S. PTO Utility) 

dimethylsilanediylbisindenylZr+OCH sub2 CH%LY 

2 subCH 2 subB - (C 6 subF 5 sub) 

3%L; 

dimethylsilanediylbis (2 -methylbenzoindenyl) Zr+Y 
OCH sub2 CH sub2 CH sub2 B - (C sub6 
F sub5 ) sub3 ; 

dimethylsilanediyl (2 -methylbenzoindenyl) (2-Y 
Methylindenyl) Zr+OCH sub2 CH sub2 CH sub2 
B - (C sub6 F sub5 ) sub3 ; 

dimethylsilanediyl (2 -methylbenzoindenyl) (2-methyl-Y 
4 -phenyl indenyl) Zr+OCH sub 2 CH sub 2 CH%L 

2 subB - (C 6 subF 5 sub) 3%L; 
dimethylsilanediyl (2 -methyl indenyl) (4-Y 
Phenyl indenyl) Zr+OCH sub2 CH sub2 CH sub2 
B - (C sub6 F subS ) sub3 ; 

dimethylsilanediylbis (2 -methyl -4 -phenyl indenyl) ZrY +OCH sub2 CH sub2 CH sub2 B - 
(C sub6 F subS ) sub3 ; 
dimethylsilanediylbis (2 -methyl -4 , 6 -Y 
Dii sop ropyl indenyl) Zr+OCH sub2 CH sub2 CH%L 
2 subB - (C 6 subF 5 sub) 3%L; 

dimethylsilanediylbis (2 -methylindenyl) Zr+CH%LY 
2 subCHCHCH 2 subB - (CF 3 sub) 3%L; 
dimethylsilanediylbisindenylZr+CH sub2 CHCHCH%LY 
2 subB - (CF 3 sub) 3%L; 

dimethylsilanediylbis (2 -methylbenzoindenyl) Zr+Y 

CH sub2 CHCHCH sub2 B - (CF sub3 ) %L 

3%L; 

dimethylsilanediyl (2 -methylbenzoindenyl) (2-Y 
Methylindenyl) Zr+CH sub2 CHCHCH sub2 B - (CF sub3 ) sub3 ; 
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dimethylsilanediyl (2-methylbenzoindenyl) (2-methyl-Y 
4 -phenyl indenyl ) Zr+CH sub 2 CHCHCH sub 2 

B - (CF sub3 ) sub3 ; 

dimethylsilanediyl (2-methylindenyl) (4-Y 

Phenyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (CF sub3 ) sub3 ; 

dimethylsilanediylbis (2 -methyl -4 -phenyl indenyl ) ZrY +CH sub2 CHCHCH sub2 B - (CF%L 
3 sub) 3%L; 

dimethylsilanediylbis (2 -methyl -4 , 6-Y 
Diisopropyl indenyl) Zr+CH sub2 CHCHCH sub2 
B - (CF sub3 ) sub3 ; 

dimethylsilanediylbis (2-methyl-4-naphthylindenyl) ZrY +CH sub2 CHCHCH sub2 B - 
(CF%L 

3 sub) 3%L; 

dimethylsilanediylbis (2-methylindenyl) Zr+CH%LY 

2 subC(CH 3 sub)C(CH 3 sub) CH 2%LB - 
(CF sub3 ) sub3 ; 

dimethylsilanediylbisindenylZr+CH sub2 C(CH%LY 

3 sub)C(CH 3 sub)CH 2 subB - (CF 3 sub ) 3%L; 
dimethylsilanediylbis (2-methylbenzoindenyl) Zr+Y 

CH sub2 C(CH sub3 )C(CH sub3 ) CH sub2 B - (CF sub3 ) sub3 ; 
dimethylsilanediyl (2-methylbenzoindenyl) (2-Y 
Methylindenyl) Zr+CH sub2 C(CH sub3 )C(CH%L 
3 Sub)CH 2 subB - (CF 3 sub) 3%L; 

dimethylsilanediyl (2-methylbenzoindenyl) (2-methyl-Y 

4 -phenyl indenyl) Zr+CH sub 2 C(CH sub3 )C(CH sub 3 ) CH sub2 B - (CF sub 3 ) %L 

3%L; 

dimethylsilanediyl (2-methylindenyl) (4-Y 
Phenyl indenyl) Zr+CH sub2 C(CH sub3 )C(CH%L 
3 sub)CH 2 subB - (CF 3 sub) 3%L; 
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dimethylsilanediylbis (2-methyl-4-phenylindenyl) ZrY +CH sub2 C(CH sub3 )C(CH sub3 
)CH sub2 

B - (CF sub3 ) sub3 ; 
dimethylsilanediylbis (2 -methyl -4, 6-Y 

Diisopropylindenyl) Zr+CH sub2 C(CH sub3 )C(CH sub3 ) CH sub2 B - (CF sub3 ) %L 
3%L; 

dimethylsilanediylbis (2-methyl-4-naphthylindenyl) ZrY +CH sub2 C(CH sub3 )C(CH sub3 
)CH sub2 

B - (CF sub3 ) sub3 ; methylphenylmethylene (f luorenyl) (cyclopentadienyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; 
diphenylmethylene (f luorenyl) (cyclopentadienyl) Zr+CH%L 

2 subCHCHCH 2 subB - (C 6 subF 5 sub) 

3%L; isopropylidene (3-methylcyclopentadienyl) (f luorenyl) Zr +CH sub2 CHCHCH sub2 B - 
(C sub6 

F sub5 ) sub3 ; 

dimethylsilanediyl (3-tert-Y 

Butyl cyclopentadienyl) (f luorenyl) Zr+CH sub2 

CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; diphenylsilanediyl (3 - 

(trimethylsilyl) cyclopentadienyl) (f luorenyl) Zr+CH%L 

2 subCHCHCH 2 subB - (C 6 subF 5 sub) 

3%L; phenylmethylsilanediylbis (2 -methyl indenyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; 
phenylmethylsilanediylbisindenylZr+CH sub2 

CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; phenylmethylsilanediylbis (2 -methyl-4 , 5- 

Benzoindenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; 
phenylmethyl s i lanediyl ( 2 -methyl -4,5 -benzoindenyl ) ( 

2 -methyl indenyl) Zr+CH sub 2 CHCHCH sub2 

B - (C sub6 F sub5 ) sub3 ; phenylmethylsilanediyl (2 -methyl-4 , 5 -benzoindenyl) ( 
2 -methyl - 4 -phenyl indenyl ) Zr+CH sub 2 

CHCHCH sub2 B - (C sub6 F subs ) sub3 ; phenylmethylsilanediyl (2 -methyl indenyl) (4- 

Phenyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; 
phenylmethylsilanediylbis (2 -methyl -4- 
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Phenyl indenyl ) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; 
phenylmethylsilanediylbis (2 -ethyl -4- 

Phenyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; 
phenylmethylsilanediylbis (2 -methyl -4, 6- 

Dii sop ropyl indenyl) Zr+CH sub2 CHCHCH sub2 

B - (C sub6 F sub5 ) sub3 ; phenylmethylsilanediylbis (2 -methyl -4- 

Naphthyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; ethylenebis (2 - 
methylindenyl) Zr+CH sub2 

CHCHCH sub2 B - (C sub6 F subS ) sub3 ; ethylenebisindenylZr+CH sub2 CHCHCH sub2 B 
- (C sub6 F sub5 ) sub3 ; ethylenebis (2 -methyl -4 / 5 -benzoindenyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; ethylene (2 -methyl-4 , 5- 
benzoindenyl) (2- 

Methyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; ethylene (2- 
methyl-4, 5 -benzoindenyl) (2 -methyl - 

4 -phenyl indenyl) Zr+CH sub 2 CHCHCH sub 2 

B - (C sub6 F subS ) sub3 ; ethylene (2 -methylindenyl) (4 -phenyl indenyl ) Zr +CH sub2 
CHCHCH sub2 B - (C sub6 

F subS ) sub3 ; ethylenebis (2 -methyl -4, 5 -benzoindenyl ) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; ethylenebis (2 -methyl -4 - 
phenyl indenyl ) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; ethylenebis (2 -methyl-4 , 6 - 
dii sop ropyl indenyl) Zr +CH sub2 CHCHCH sub2 B - (C sub6 

F subS ) sub3 ; ethylenebis (2 -methyl -4 -naphthyl indenyl ) Zr +CH sub2 CHCHCH sub2 B - 
(C sub6 

F subS ) sub3 ; ethylenebis (2 -ethyl -4 -phenyl indenyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; ethylenebis (2 -ethyl-4 , 6 - 
diisopropylindenyl) Zr +CH sub2 CHCHCH sub2 B - (C sub6 

F sub5 ) sub3 ; ethylenebis (2 -ethyl-4 -naphthyl indenyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; 

dimethylsilanediylbis (2-ethyl-4-phenylindenyl) ZrY +CH sub2 CHCHCH sub2 B - (C sub6 
F subS ) sub3 ; 

dimethylsilanediylbis (2,3, 5-trimethylcyclopentadienyl) ZrY +CH sub2 CHCHCH sub2 B - 
(C sub6 

F subS ) sub3 ; 
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1,6- (bis [methylsilylbis (2 -methyl -4 - 

Phenyl indenyl ) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ])hexane; 
1,6- (bis [methylsilylbis (2 -ethyl -4- 

Phenyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ])hexane; 
1,6- (bis [methylsilylbis (2 -methyl -4- 

Naphthyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ])hexane; 
1,6- (bis [methylsilylbis (2-methyl-4 , 5- 

Benzoindenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ])hexane; 

1,6- (bis [methylsilyl (2 -methyl -4- 

Phenyl indenyl) (2 -methyl indenyl) Zr+CH sub2 

CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ])hexane; 

1,2- (bis [methylsilylbis (2-methyl-4- 

Phenyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ]) ethane; 
1,2- (bis [methylsilylbis (2 -ethyl -4- 

Phenyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ]) ethane; 
1, 2- (bis [methylsilylbis (2 -methyl -4- 

Naphthyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ]) ethane; 
1,2- (bis [methylsilylbis (2 -methyl -4, 5- 

Benzoindenyl) Z+CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ] ) ethane; 

1,2- (bis [methylsilyl (2 -methyl -4 - 

Phenyl indenyl) (2-methylindenyl) Zr+CH sub2 

CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ]) ethane . 

The preparation of the novel transition metal compound of the formula I is 
illustrated by the following reaction schemes. 

TABULAR OR GRAPHIC MATERIAL SET FORTH AT THIS POINT IS NOT DISPLAYABLE 

L, n, M, X, B, A, Rl and m in the formulae II, III and IV are as defined in formula 
I and Hal is a halogen atom such as fluorine, chlorine, bromine or iodine. 

Compounds of the formula II are described in the literature (J. Okuda, Topics in 
Current Chemistry, Vol. 160; Springer Verlag, Berlin Heidelberg 1991, page 97). 
Reaction of compounds of the formula II in inert solvents with dianion compounds of 
the formula III, for example 1, 4-butanediyllithium or 2-butene-l/ 4-diylmagnesium, 
leads to elimination of a salt and formation of the cyclic systems IV in which the 
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M--X or the M--B bond can be a covalent bond or a coordination of the compound X--B 
to the metal atom M. 

The compound of the formula IV can be reacted with Lewis acids of the formula AR1 
subm in organic solvents, for example toluene, benzene, methylene chloride, carbon 
tetrachloride and petroleum spirit, to give the compound of the formula I. 

The novel transition metal compounds of the formula I can be isolated or directly 
used for further reactions. The compounds of the formula I can also be prepared 
without isolation of intermediate and end stages in a single -vessel reaction from 
metallocene dihalides, dianion compounds and Lewis acids and be directly used for 
the polymerization. 

Suitable solvents for this purpose are aliphatic or aromatic solvents, such as 
hexane or toluene, or halogenated hydrocarbons, such as methylene chloride, or 
halogenated aromatic hydrocarbons such as b-dichlorobenzene . 

A further possibility for preparing the novel compounds of the formula I comprises 
the formation of metallocycles of the formula IV by electrocyclic ring-closure 
reaction of, for example, metallocene-bisolef in complexes or metallocene-olef in- 
aldehyde complexes and subsequent reaction with Arl subm . 

The present invention also relates to a process for preparing an olefin polymer by 
polymerization of at least one olefin in the presence of a catalyst containing at 
least one transition metal compound of the formula I. The polymerization can be a 
homopolymerization or a copolymerization. 

Preference is given to polymerizing olefins of the formula R a--CHCH--Rb, where Ra 
and Rb are identical or different and are each a hydrogen atom, a halogen atom, an 
alkoxy group, a hydroxy group, an alkylhydroxy group, an aldehyde group, a 
carboxylic acid group or a carboxylic ester group or a saturated or unsaturated 
hydrocarbon radical having from 1 to 20 carbon atoms, in particular from 1 to 10 
carbon atoms, which can be substituted by an alkoxy group, a hydroxy group, an 
alkylhydroxy group, an aldehyde group, a carboxylic acid group or a carboxylic 
ester group, or Ra and Rb together with the atoms connecting them can form a one or 
more rings. Examples of such olefins are 1-olefins such as ethylene, propylene, 1- 
butene, 1-hexene, 4 -methyl -1-pentene, 1-octene, styrene, cyclic olefins such as 
norbornene, vinylnorbornene, tetracyclododecene, ethylidenenorbornene, dienes such 
as 1, 3-butadiene or 1 # 4-hexadiene, biscyclopentadiene or methyl methacrylate . In 
particular, propylene or ethylene are homopolymerized, ethylene is copolymerized 
with one or more C sub3 -C sub20 - 1-olefins, in particular propylene, and/or one 
or more C sub 4 -C sub20 -dienes, in particular 1, 3-butadiene, or norbornene and 
ethylene are copolymerized. 

The polymerization is preferably carried out at a temperature of from - 60 to 300 
<<degrees>> C, particularly preferably from 30 to 250 <<degrees>> C. The pressure 
is from 0.5 to 2500 bar, preferably from 2 to 1500 bar. The polymerization can be 
carried out continuously or batchwise, in one or more stages, in solution, in 
suspension, in the gas phase or in a supercritical medium. 

It is also possible to use mixtures of two or more transition metal compounds of 
the formula I. By this means, polyolefins having a broad or multimodal molecular 
weight distribution can be obtained. 

A prepolymerization can be carried out by means of the compound of the formula I. 
For the prepolymerization, preference is given to using the (or one of the) 
olefin (s) used in the polymerization. 
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The compounds of the formula I can also be applied to a support, particularly for 
controlling the particle morphology. Suitable support materials are, for example, 
silica gels, aluminum oxides, solid aluminoxane or other inorganic support 
materials such as, for example, magnesium chloride. Another suitable support 
material is a polyolefin powder in finely divided form. 

The supported catalyst system can be resuspended as powder or still together with 
solvent and can be metered into the polymerization system as a suspension in an 
inert suspension medium. 

To remove catalyst poisons present in the olefin, purification using an aluminum 
alkyl, for example trimethylaluminum, triethyl aluminum or triisobutylaluminum, is 
advantageous. This purification can be carried out either in the polymerization 
system itself or the olefin is contacted with the Al compound and subsequently 
separated again prior to its addition to the polymerization system. 

Hydrogen is added, if required, as molecular weight regulator and/or to increase 
the activity. The total pressure in the polymerization system is from 0.5 to 2500 
bar, preferably from 2 to 1500 bar. 

The compound of the formula I is here used in a concentration, based on the 
transition metal, of preferably from 10 - 3 to 10 - 8, particularly preferably from 
10 - 4 to 10 - 7, mol of transition metal per dm3 of solvent or per dm3 of reactor 
volume . 

If the polymerization is carried out as a suspension or solution polymerization, an 
inert solvent customary for the Ziegler low-pressure process is used. For example, 
the polymerization is carried out in an aliphatic or cycloaliphatic hydrocarbon; 
examples of such solvents which may be mentioned are propane, butane, hexane, 
heptane, isooctane, cyclohexane, methylcyclohexane . Furthermore, a petroleum or 
hydrogenated diesel oil fraction can be used. It is also possible to use toluene. 
Preference is given to carrying out the polymerization in the liquid monomer. 

If inert solvents are used, the monomers are metered in in gaseous or liquid form. 

The duration of the polymerization can be as desired, since the catalyst system to 
be used according to the invention has only a small fall in polymerization activity 
with time. 

Prior to addition of the catalyst, in particular the supported catalyst system 
(containing at least one novel compound of the formula I, support material and/or a 
polyolefin powder in finely divided form), another aluminum alkyl compound such as, 
for example, trimethylaluminum, triethylaluminum, triisobutylaluminum, 
trioctylaluminum or isoprenylaluminum can additionally be added to the reactor to 
stabilize the polymerization system (for example for removing catalyst poisons 
present in the olefin) . This is added to the polymerization system in a 
concentration of from 100 to 

0.01 xnmol of Al per kg of reactor contents. Preference is given to 

triisobutylaluminum and triethylaluminum in a concentration of from 10 to 0.1 xnmol 
of Al per kg of reactor contents. This enables a small Al/M molar ratio to be 
selected in the synthesis of a supported catalyst system. 

The novel compounds of the formula I are highly active catalyst components for 
olefin polymerization. 
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In principle, the use of cocatalysts in the polymerization reaction is not 
required, i.e. the novel compounds of the formula I can be used as catalyst for 
olefin polymerization without the need for a cocatalyst such as aluminoxane. 

The following examples serve to illustrate the invention. 

General procedures: Preparation and handling of organometallic compounds were 
carried out with exclusion of air and moisture under argon protection (Schlenk 
technique) . All solvents required were dried prior to use by boiling for a number 
of hours over a suitable desiccant and subsequent distillation. 

The compounds were characterized using 1H-NMR, 13 C-NMR and IR spectroscopy. A. 
Synthesis of the Compounds of the Formula IV 

The preparation of the butadiene complexes was carried out according to G. Erker, 
K. Engel, Ch. Sarter in R. B. King, J. J. Eisch, Organometallic Synthesis, Vol 3, 
Academic Press, New York 1986, 529: 

EXAMPLE 1 

Dimethylsilanediylbis (2 -methyl -4 , 5- 
benzoindenyl) zirconium (<<eta>>4 -butadiene) 

100 ml of toluene (precooled to - 40 << degrees >> C.) are added to a mixture of 5.0 
g (8.67 mmol) of dimethylsilanediylbis (2 -methyl-4 , 5-benzoindenyl) zirconium 
di chloride and 2.3 g (10.4 mmol, 

1.2 equivalents) of (2 -but ene- 1,4 -diyl) magnesium bistetrahydrof uran 
(" "butadienemagnesium 1 ' ) which has been cooled to - 40 <<degrees» C. While 
stirring vigorously, the mixture is allowed slowly to warm up to room temperature. 
After stirring for four hours, the dark red solution is separated via a frit from 
unreacted butadienemagnesium and magnesium chloride formed. The filtrate is 
evaporated to dryness and the residue is washed with 

10 ml of pentane. This gives 4.4 g (70%) of a deep red powder. 

EXAMPLE 2 

Dimethylsilanediylbis (2 -methyl -4- 
phenylindenyl) zirconium (<<eta>>4 -butadiene) 

100 ml of toluene (precooled to - 40 <<degrees>> C.) are added to a mixture of 5.0 
g (7.95 mmol) of dimethylsilanediylbis (2 -methyl -4 -phenyl indenyl) zirconium 
dichloride and 2.1 g (9.5 mmol, 

1.2 equivalents) of (2 -butene-1, 4 -diyl) magnesium bistetrahydrofuran 
(" "butadienemagnesium 1 ' ) which has been cooled to - 40 <<degrees>> C. While 
stirring vigorously, the mixture is allowed slowly to warm up to room temperature. 
After stirring for four hours, the dark red solution is separated via a frit from 
unreacted butadienemagnesium and magnesium chloride formed. The filtrate is 
evaporated to dryness and the residue is washed with 

10 ml of pentane. This gives 3.5 g (72%) of a red-brown powder. B. Synthesis of the 
Compounds of the Formula I 
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EXAMPLE 3 Dimethylsilanediylbis (2-methyl-4,5-benzoindenyl) Zr +CH sub2 CHCHCH sub2 
B - (C sub6 

F sub5 ) sub3 ; 

3.0 g (5,35 mmol) of dimethylsilanediylbis (2 -methyl -4 , 5 -benzoindenyl) zirconium 
(<<eta>>4-butadiene) are dissolved in 100 ml of toluene and admixed with 3.01 g 
(5.88 mmol, 1.1 equivalents) of tris (pentaf luorophenyl) borane . The reaction 
solution is left stirring for 24 hours at room temperature and the strongly dark 
brown suspension is subsequently evaporated to half its volume. The precipitate is 
filtered off and washed with 10 ml of pentane. This gives 5.27 g (92%) of a 
sparingly soluble reddish brown powder. 

EXAMPLE 4 

Dimethylsilanediylbis (2 -methyl -4 -phenyl indenyl) Zr +CH sub2 CHCHCH sub2 B - (C sub6 
F sub5 ). sub3 ; 

3.0 g (4.90 mmol) of dimethylsilanediylbis (2 -methyl -4 -phenyl indenyl) zirconium 
(<<eta>>4-butadiene) are dissolved in 100 ml of toluene and admixed with 2.76 g 
(5.39 mmol, 1.1 equivalents) of tris (pentaf luorophenyl) borane . The reaction 
solution is left stirring for 24 hours at room temperature and the strongly dark 
brown suspension is subsequently evaporated to half its volume. The precipitate is 
filtered off and washed with 10 ml of pentane. This gives 4.84 g (88%) of a 
sparingly soluble reddish brown powder. C. Polymerization Examples 

EXAMPLE 5 

The catalyst solution is prepared by mixing 11 mg of 

biscyclopentadienylzirconium (<<eta>>4 -butadiene) in 20 ml of toluene with a 
solution of 20.4 mg of tris (pentaf luorophenyl) borane in 20 ml of toluene. 900 ml 
of toluene are admixed with 1 ml of a 10% strength by weight TIBA solution in 
toluene and subsequently with 1 ml of this catalyst solution. 

For the polymerization, this solution is placed in an inert 1.5 dm3 stirred 
reactor, heated to 70 <<degrees>> C. and polymerization is carried out at a 
pressure of 7 bar of ethylene. After 2 hours, the reactor is vented, the polymer is 
filtered from the suspension, washed with acetone and dried for 12 hours in a 
vacuum drying oven. This gives 38 g of polyethylene having an M subw of 297,000 
g/mol and an M subw /M subn of 2.5 according to GPC. 

EXAMPLE 6 

The polymerization of Example 5 is repeated using high-purity ethylene, except that 
no TIBA was added. This gives 37 g of polyethylene having identical properties. 

EXAMPLE 7 

The polymerization of Example 5 is repeated, except that 2 ml of the catalyst 
solution are added and 100 ml of 1-hexene were first added to the reactor and 5 
bar of ethylene were subsequently added. After 30 minutes, the reactor is vented, 
the polymerization is stopped using methanol and the polymer is filtered from the 
suspension, washed with acetone and dried for 12 hours in a vacuum drying oven. 
This gives 25 g of an ethylene/ 1-hexene copolymer containing 5.2 mol % of hexene 
(according to 13C-NMR) and having an M subw of 60,000 g/mol and an M subw /M subn 
of 2.6 according to GPC. The DSC melting point of the 2nd heating is 110 
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<<degrees>> C. 
EXAMPLE 8 

A 1.5 dm3 autoclave, which was thoroughly flushed with ethene beforehand, is 
charged with 600 cm3 of an 85% strength by weight solution of norbornene in 
toluene. The solution is saturated with ethene by repeated pressurization with 
ethene (18 bar). A suspension of 2.28 mg of 4- (<<eta>>5-cyclopentadienyl) - 4,7,7- 
trimethyl- (<<eta>> 5-4, 5, 6 , 7 -tetrahydroindenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F 
sub5 ) sub3 in 10 ml of toluene was added to the reactor thus prepared (in the 
case of hydrogen regulation, hydrogen can be injected at this point) . 
Polymerization was carried out for one hour while stirring, with the ethene 
pressure being kept at 18 bar by metering in further amounts. 

After the end of the reaction time, the polymerization mixture was drained into a 
vessel and immediately introduced into 5 dm 3 of acetone, the mixture was stirred 
for 10 min and the precipitated product was subsequently filtered off. The filter 
cake was washed alternately three times each with 10% strength hydrochloric acid 
and acetone. It was subsequently washed to neutrality with water, the residue was 
slurried in acetone and filtered again. The polymer thus purified was dried at 80 
<<degrees>> C. for 15 hours in vacuo (0.2 bar). After drying, there were obtained 
224 g of colorless polymer which had a glass transition temperature of 17 9 
<<degrees>> C, a viscosity number of 52 cm3/g, a tensile strength of 59 MPa and 
an elongation at break of 3.1%. The activity was 80.5 kg of polymer/h x mmol . 

EXAMPLE 9 

106 mg (0.385 mmol) of biscyclopentadienylzirconium (<<eta>>4-butadiene) were 
dissolved in toluene and admixed with a solution of 186 mg (0.363 mmol) of B (C sub6 
F sub5 ) sub3 in toluene. The formation of the catalyst can be recognized by the 
appearance of turbidity or of a precipitate. In parallel thereto, a dry 16 dm3 
reactor was flushed first with nitrogen and subsequently with propylene and then 
charged with 10 dm3 of liquid propylene. 15 cm3 of triisobutylaluminum (20% 
strength in hydrocarbon, 12 mmol) were then added to the reactor and the mixture 
was stirred at 30 <<degrees>> C. for 15 minutes. The catalyst suspension was 
subsequently added to the reactor, heated to the polymerization temperature of 70 
<<degrees>> C. (4 <<degrees>> C./min) and the polymerization system was held for 1 
hour at 70 <<degrees>> C. by means of cooling. The polymerization was stopped by 
addition of 

20 ml of isopropanol. The excess monomer was vented and residues of solvent were 
taken off in vacuo. This gave 850 g of liquid, atactic polypropylene. The catalyst 
activity was 8 kg of PP/ (g of metallocene x h) . 

VN = 5 cm3/g, M subw = 1500 g/mol, M subw /M subn = 3.2. 

EXAMPLE 10 

10 mg (17.9 <<mu>>mol) of rac-dimethylsilanediylbis ( 

2 -methyl -4, 5 -benzo-l-indenyl) zirconium (<<eta>> 4 -butadiene) were dissolved in 10 ml 
of toluene and admixed with 10 ml of a solution of 9.2 mg (18 mmol) of B(C sub 6 F 
sub5 ) sub 3 in toluene. The formation of the catalyst can be recognized by the 
appearance of turbidity or of a dark precipitate* The polymerization was carried 
out by a method similar to Example 9 at 70 << degrees>>> C. The excess monomer was 
vented and the polymer powder was dried in vacuo. This gave 2500 g of isotactic 
polypropylene powder. 
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The catalyst activity. was 250 kg of PP/ (g of metallocene x h) . 

VN = 240 cm3/g, mp. = 148.7 <<degrees>> C, M subw = 298,000 g/mol, M subw /M 
subn = 2,2, MFI sub (230/2 . 16) = 3.2 dg/min. 

EXAMPLE 11 

The preparation of the catalyst suspension from Example 10 was repeated, except 
that 3 mg (4.8 <<mu>>mol) of rac-dimethylsilanediylbis (2 -methyl-4 -phenyl -1- 
indenyl) zirconium (<<eta>>4 -butadiene) dissolved in 10 cm3 of toluene were reacted 
with 2.5 mg (4.9 <<mu>>mol) of B(C sub6 F sub5 ) sub3 dissolved in 10 cm3 of 
toluene. The polymerization was carried out at 60 <<degrees>> C. after adding the 
catalyst suspension to the reactor. The polymerization gave 2250 g of isotactic 
polypropylene powder. 

The catalyst activity was 750 kg of PP/ (g of metallocene x h) . 

VN = 620 cm3/g, mp. = 155 <<degrees>> C, MFI sub (230/5) = 0.35 dg/min. 

EXAMPLE 12 

The preparation of the catalyst suspension from Example 10 was repeated, except 
that 10 mg (21 <<mu>>mol) of rac-dimethylsilanediylbis (2 -methyl-1- 

indenyl) zirconium (<<eta>>4 -butadiene) dissolved in 10 cm3 of toluene were reacted 
with 10.7 mg (21 <<mu>>mol) of B(C sub6 F sub5 ) sub3 dissolved in 10 cm3 of 
toluene. The polymerization gave 1900 g of isotactic polypropylene powder. The 
catalyst activity was 190 kg of PP/ (g of metallocene x h) . 

VN = 180 cm3/g, mp . = 145 <<degrees>> C, M subw = 192,000, M subw /M subn 

=2.2, MFI sub (230/2. 16) = 12 dg/min. 
EXAMPLE 13 

The preparation of the catalyst suspension from Example 10 was repeated, except 
that 10 mg (20.2 <<mu>>mol) of phenylmethylmethylenef luorenylcyclopenta- (<<eta>> 4- 
BUTADIENE) dissolved is 10 cm3 of toluene were reacted with 10.7 mg (21 <<mu>>mol) 
of B(C sub6 F sub 5 ) sub3 dissolved in 10 cm3 of toluene. The polymerization gave 
1100 g of syndiotactic polypropylene powder. 

The catalyst activity was 110 kg of PP/ (g of metallocene x h) . 

VN = 137 cm3/g, mp. = 133 <<degrees>> C, M subw = 122,000 g/mol, M subw /M subn 
= 2.3. 

EXAMPLE 14 Reactor Preparation 

A 1500 ml reactor which had been repeatedly flushed with nitrogen was charged with 
1000 ml of an 85% strength by weight solution of norbornene in toluene and the 
solution was heated to 70 «degrees>> C. The solution was saturated with ethylene 
by repeated pressurization with ethylene (16 bar gauge pressure) . 

2 ml of a 20% strength triethylaluminum solution in toluene were added to the 
depressurized reactor in a countercurrent of ethylene and the mixture was 
subsequently stirred for 15 minutes. Catalyst Preparation 
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A solution of 12.6 mg of tris (pentaf luorophenyl) borane ( 0,025 mmol) in 1.26 ml of 
toluene was added to the solution of 9.0 mg of (butadiene) isopropylene (1- 
indenyl) cyclopentadienylzirconium (0.025 mmol) in 0.9 ml of toluene. The catalyst 
mixture was preactivated for 25 minutes at room temperature. Polymerization and 
Isolation 

The catalyst mixture was added to the prepared reaction solution and an ethylene 
pressure of 16 bar was subsequently applied as quickly as possible. Polymerization 
was carried out for 2 hours at 70 <<degrees>> C. while stirring at about 7 50 rpm, 
with the ethylene pressure being kept constant at 16 bar. 

To end the reaction, the reactor was first vented and the reaction solution was 
subsequently drained into a vessel. The polymer was precipitated in 2500 ml of 
acetone and filtered after stirring for 5 minutes. The filter cake was repeatedly 
washed alternately with 10% strength hydrochloric acid and acetone. It was 
subsequently washed to neutrality with water and, after addition of 1000 ml of 
acetone, filtered. The powder thus purified was dried for 15 hours at 80 
«degrees>> C. at a pressure of 0.2 bar. Characterization 

After drying, 30 g of colorless powder were obtained; this corresponds to an 
activity of 610 g of polymer/h x mmol of metallocene. A viscosity number of 106 
cm3/g and a glass transition temperature of 135 <<degrees>> C. were measured on the 
polymer. No melting point was able to be detected by means of thermal analysis. 

EXAMPLE 15 

30 mg (31 <<mu>>mol) of rac-dimethylsilanediylbis ( 

2 -methyl- 1 -indenyl) Zr+CH sub2 CHCHCH sub 2 B - (C sub6 F sub 5 ) sub 3 are dissolved 
in 3 0 ml of toluene. 10 g of SiO sub 2 are stirred into the catalyst solution until 
a homogeneous distribution is achieved. 

The solid is then filtered off from the solvent and washed twice with 10 ml of 
toluene . 

In parallel thereto, a dry 16 dm3 reactor was flushed first with nitrogen and 
subsequently with propylene and charged with 10 dm3 of liquid propylene. 15 cm 3 
of triisobutylaluminum (20% strength in hydrocarbon, 12 mmol) were then added to) 
the reactor and the mixture was stirred at 30 <<degrees>> C. for 15 minutes. The 
catalyst suspension was subsequently added to the reactor, heated to the 
polymerization temperature of 70 <<degrees» C. (4 <<degrees>> C./min) and the 
polymerization system was held at 70 <<degrees>> C. for 1 hour by cooling. The 
polymerization was stopped by addition of 20 ml of isopropanol. The excess monomer 
was vented and solvent residues were taken off in vacuo. 

The polymerization gives 2.5 kg of isotactic polypropylene powder. The catalyst 
activity was 83 kg of PP/ (g of metallocene x h) . 

VN = 184 cm3/g, mp. = 145 <<degrees>> C. , M subw » 193,000 g/mol, M subw /M subn 
= 2.2. 

The reactor shows no deposits on walls or stirrer. 
EXAMPLE 16 a) Preparation of the Catalyst Component 
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A solution of 1 <<mu>>mol of biscyclopentadienyl zirconium (<<eta>>4 -butadiene) in 1 
ml of toluene is admixed with a solution of 1 <<mu>>mol of 

tris (pentaf luorophenyl) borane in 10 ml of toluene and, after a reaction time of 15 
minutes, evaporated in vacuo to a volume of 2 ml . In parallel thereto, 4 g of 
RAccurel LDPE powder in a sieve fraction of smaller than 200 <<mu>>m are dried in 
vacuo and flushed with argon. The support powder is stirred into the catalyst 
solution until a homogeneous distribution is achieved, b) Polymerization 

A dry 1.5 dm3 stirred reactor is flushed with nitrogen to remove the oxygen and 
charged with 0.9 dm3 of an inert diesel oil (bp. from 100 to 120 <<degrees>> C). 
After flushing with ethylene, it is heated to 70 «degrees>> C. and the catalyst is 
added as powder. Polymerization is subsequently carried out without additional 
activator at a pressure of 7 bar of ethylene. After 1 hour, the reactor is vented, 
the polymer is filtered from the suspension and dried for 12 hours in a vacuum 
drying oven. This gives 18 g of polyethylene powder having a bulk density of 0.253 
kg/dm3 and a viscosity number VN of 389 cm3/g. The polydispersity M subw /M subn 
is 2.6 (according to GPC) . The reactor shows no deposits on walls or stirrer. 

EXAMPLE 17 a) Preparation of the Catalyst Component 

BiscyclopentadienylZr+CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 was supported 
on SiO sub2 using a method similar to Example 15. b) Gas-Phase Polymerization of 
Ethylene 

A gas -phase polymerization of ethylene was carried out in a 2 dm3 steel autoclave 
having polished walls. The fluidized bed was generated mechanically by means of a 
double-helix stirrer going around the wall, using an initial charge of 10 g of 
polyethylene powder as seed bed. Via a pressure burette, first the cocatalyst (2 
mmol) of triisobutylaluminum in 2 cm3 of isopentane and subsequently 1 g of the 
catalyst mixture (19.2 <<mu>>mol of Zr) were metered in. The polymerization was 
subsequently carried out at 8 bar partial pressure of ethylene at a temperature of 
80 <<degrees» C. for 1 hour and ended by venting the autoclave. 

This gave 118 g of polyethylene having a VN of 309 ml/g, corresponding to an 
activity of 6.2 kg of PE/mmol of metallocene. 

EXAMPLE 18 

The preparation of the catalyst suspension of Example 10 was repeated, except that 
10 mg (24 <<mu>>mol) of dimethylmethylene-9-f luorenylcyclopentadienylzirconium ( 4- 
butadiene) dissolved in 10 cm3 of toluene were reacted with 12.8 mg (25 <<mu>>mol) 
of B(C sub6 F sub 5 ) sub3 dissolved in 10 cm3 of toluene. The polymerization was 
carried out after metering the catalyst suspension into the reactor at 60 
<<degrees>> C. The polymerization gave 900 g of syndiotactic polypropylene powder. 
The catalyst activity was 90 kg of PP/ (g of metallocene x h) . 

VN = 92 cm3/g, m.p. = 126 <<degrees» C, M subw = 63,000 g/mol, M subw /M subn 

= 2.1 
EXAMPLE 19 

The preparation of the catalyst suspension of Example 10 was repeated, except that 
5 mg (8 <<mu>>mol) of rac- dimethyl silanediylbis (2 -methyl -4, 6-diisopropyl-l - 
indenyl) zirconium (4 -butadiene) dissolved in 10 cm3 of toluene were reacted with 4.1 
mg (8.1 <<mu>>mol) of B(C sub6 F sub5 ) sub3 dissolved in 10 cm3 of toluene. The 
polymerization was carried out after metering the catalyst suspension into the 
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reactor at 60 <<degrees>> C. The polymerization gave 2100 g of isotactic 
polypropylene powder. 

The catalyst activity was 420 kg of PP/ (g of metallocene x h) . 

VN = 423 cm3/g, mp. = 154 <<degrees>> C, MFI sub(230/5) = 3.1 dg/min, M subw 

= 588,000 g/mol # M subw /M subn = 3.5. 
EXAMPLE 20 

The preparation of the catalyst suspension of Example 11 was repeated. The 
polymerization was carried out after metering the catalyst suspension into the 
reactor at 70 <<degrees>> C. The polymerization gave 2800 g of isotactic 
polypropylene powder. 

The catalyst activity was 933 kg of PP/ (g of metallocene x h) . 

VN = 544 cm3/g, mp. = 154 <<degrees» C, MFI sub(230/5) = 1.3 dg/min, M subw 

= 741,000 g/mol, M subw /M subn = 2.8. 
EXAMPLE 21 

The preparation of the catalyst suspension of Example 12 was repeated, except that 
the 16 dm3 reactor was charged with 1Q dm3 of liquid propylene and 2.5 standard 1 
of hydrogen gas. 10 cm3 of triisobutylaluminum (20% in hydrocarbon, 10 mmol) were 
then added to the reactor and the mixture was stirred at 30 << degrees>» C. for 15 
minutes. The catalyst suspension was subsequently added to the reactor, heated to 
the polymerization temperature of 70 <<degrees» C. (4 <<degrees>> C./min) and the 
polymerization system was kept at 70 <<degrees>> C. for 1 hour by cooling. The 
polymerization gave 3200 g of isotactic polypropylene powder. 

The catalyst activity was 320 kg of PP/ (g of metallocene x h) . 

VN = 164 cm3/g, mp. = 147 <<degrees>> C, MFI sub (230/2 . 16) = 25 dg/min. 

EXAMPLE 22 

The preparation of the catalyst suspension of Example 10 was repeated, except that 
2 mg (3.1 <<mu>>mol) of rac-dimethylsilanediylbis (2 -ethyl -4 -phenyl-1- 
indenyl) zirconium (4 -butadiene) dissolved in 5 cm3 of toluene were reacted with 1.7 
mg (3.3 <<mu>>mol) of B (C sub6 F sub5 ) sub3 dissolved in 5 cm3 of toluene. The 
polymerization gave 2150 g of isotactic polypropylene powder. 

The catalyst activity was 1075 kg of PP/ (g of metallocene x h) . 

VN = 656 cm3/g, mp. = 162 <<degrees>> C, MFI sub(230/5) = 0.8 dg/min, M subw 

= 957,000 g/mol, M subw /M subn = 3.0. 
EXAMPLE 23 

The preparation of the catalyst suspension of Example 10 was repeated, except that 
2 mg (2.8 <<mu>>mol) of rac-dimethylsilanediylbis (2 -methyl -4 -naphthyl-1- 

indenyl) zirconium (4 -butadiene) dissolved in 5 cm3 of toluene were reacted with 1.4 

mg (2.8 <<mu>>mol) of B (C sub6 F sub5 ) sub3 dissolved in 5 cm3 of toluene. The 
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polymerization gave 2500 g of isotactic polypropylene powder. 

The catalyst activity was 1250 kg of PP/ (g of metallocene x h) . 

VN = 777 cm3/g, mp . = 163 «degrees>> C, MFI sub(230/5) = 0.5 dg/min, M subw 

= 1,200, 000 g/mol, M subw /M subn = 3.2. 
EXAMPLE 24 

10 g of silica gel (Davison 948), which had been conditioned at 800 «degrees>> C, 
were admixed with 0.5 g of B (C sub6 F sub5 ) sub3 dissolved in 15 cm3 of toluene 
and homogenized. The solvent was taken off in vacuo. This resulted in a free- 
flowing powder. 200 mg of rac-dimethylsilanediylbis (2 -methyl -1-indenyl) zirconium ( 
4 -butadiene) (435 <<mu>>mol) were dissolved in 15 cm3 of toluene and applied in 
small portions to the intensively stirred, free-flowing powder. The powder acquires 
an intense dark red color. The toluene was subsequently taken off in vacuo. This 
resulted in 11.3 g of supported catalyst as free- flowing powder. 1.5 g of the 
supported catalyst were suspended in 10 ml of hexane and introduced into the 
polymerization reactor. The polymerization was carried out by a method similar to 
Example A at 70 <<degrees>> C. The excess monomer was drawn off and the polymer 
powder was dried in vacuo. This gave 2350 g of isotactic polypropylene powder 
having a bulk density of 0.44 g/ml and a mean particle size of the polymer 
particles of 650 <<mu>>m. Analysis of the polymer gave VN = 172 cm3/g, mp. = 145 
<<degrees>> C, M subw = 192,000 g/mol, M subw /M subn = 2.2, MFI sub (230/2.16) 
= 13 dg/min. 

EXAMPLE 25 

Comparative Example 

The preparation of the catalyst suspension of Example 10 was repeated, except that 
5 mg (11.1 <<mu>>mol) of rac-dimethylsilanediylbis-l-indenylzirconium (<<eta>>4- 
butadiene) dissolved in 10 cm3 of toluene were reacted with 5.7 mg (11.1 <<mu>>mol) 
of B(C sub6 F sub5 ) sub3 dissolved in 10 cm3 of toluene. The polymerization 
resulted in 2200 g of isotactic polypropylene powder. 

The catalyst activity was 440 kg of PP/ (g of metallocene x h) . 

VN = 52 cm3/g, mp. =140 «degrees>> C, M subw = 49,000 g/mol, M subw /M subn 
= 2.2. 

16.6 mg (40.7 <<mu>>mol) of rac-dimethylsilanediylbis- 

1-indenylzirconiumdimethyl were dissolved in 10 cm3 of toluene and reacted with 21 
mg (41 <<mu>>mol) of B(C sub6 F sub5 ) sub3 dissolved in 10 cm3 of toluene. No 
turbidity or precipitate formation can be observed. The catalyst solution is used 
for the polymerization as in Example 9. This resulted in 130 g of isotactic 
polypropylene powder. 

The catalyst activity was 8 kg of PP/g(g of metallocene x h) . 

VN = 67 cm3/g, mp. = 139.5 <<degrees>> C, M subw = 62,000 g/mol, M subw /M subn 
= 2.1. 
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We claim: 

1. A zwitterionic transition metal compound of the formula I 

TABULAR OR GRAPHIC MATERIAL SET FORTH AT THIS POINT IS NOT DISPLAYABLE 

L are identical or different and are each a <<pi>>-ligand or an electron donor, n 
is equal to 1, 2, 3 or 4, 

M is a metal atom of group Illb, IVb, Vb or VIb of the Periodic Table of the 
Elements, 

X is a heteroatom or a hydrocarbon group having 1-40 carbon atoms, 
X' is a hydrocarbon group having 1-40 carbon atoms, 

A is an atom of group lb, lib, Ilia, Illb, IVa, Va, Vb, VIb, Vllb or VHIb of the 
Periodic Table of the Elements, 

Rl are identical or different and are each a perhalogenated C subl -C sub40 - 
hydrocarbon radical, and m is equal to 1, 2, 3, 4 or 5. 

2. A transition metal compound as claimed in claim 1, wherein the radicals L are 
identical or different and are each a <<pi>>-ligand. 

3. A transition metal compound as claimed in claim 1, wherein the radicals L are 
identical or different and are each an unsubstituted or substituted 
cyclopentadienyl group. 

4. A transition metal compound as claimed in claim 1, wherein the radicals L are 
linked to one another via a bridge. 

5. A transition metal compound as claimed in claim 1, wherein n = 2 when M is a 
metal atom of group IVb of the Periodic 

Table of the Elements . 

6. A transition metal compound as claimed in claim 1, wherein 

M is a metal atom of group IVb of the Periodic Table of the Elements, n is equal to 
2, 

L are identical or different and are each a substituted or unsubstituted 
cyclopentadienyl group, where two radicals L are optionally linked to one another 
via a bridge Z and 

Z is CR2R3 or SiR2R3 or a unit Si--(CR2R3) subx --Si which links two fragments L 
subn M+ XX*--A--R1 subm with one another, where x is an integer from 0 to 10, 

X and X' together form a three -membered to f ive-membered hydrocarbon chain which 
can be saturated or unsaturated and are unsubstituted or substituted by one or more 
C subl -C sub 20 -hydrocarbon radicals, 

R2 and R3 are identical or different and are each a hydrogen atom, a halogen atom, 
a C subl -C sub2 0 -alkyl group, a C subl -C sublO -fluoralkyl group, a C subl -C 
sublO -alkoxy group, a C sub6 -C subl4 -aryl group, a C sub6 -C sublO - fluoroaryl 
group, a C sub6 -C sublO -aryloxy group, a C sub2 -C sublO -alkenyl group, a C sub7 
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-C sub40 -arylalkyl group, a C sub 7 -C sub 40 -alkylaryl group, a C sub8 -C sub40 - 
arylalkenyl group, or R2 and R3 together with the atoms connected them form one or 
more rings, and R2 and 

R3 are optionally bonded to L; 

A is an atom of group lb, lib, Ilia, IVa, Va, Vb of the Periodic Table of the 
Elements, 

Rl are identical or different and are each a perf luorinated alkyl or aryl group 
having from 1 to 20 carbon atoms andm is equal to 2, 3 or 4. 

7. A transition metal compound as claimed in claim 6, wherein 
M is zirconium, n is equal to 2, 

L are identical or different and are each a substituted cyclopentadienyl group, 
where two radicals L are linked to one another via a bridge Z, where Z is CR2R3 or 
SiR2R3 and R2 and R3 are as defined in claim 6, 

X and X ' together form an unsaturated f our-membered hydrocarbon chain whose 
hydrogen atoms are optionally replaced by C subl -C sub20 -alkyl groups, 

A is boron atom, 

Rl are identical and are each a pentaf luorophenyl group (C sub6 F sub5 ) andm is 
equal to 3 . 

8. A catalyst component comprising at least one transition metal compound as 
claimed in claim 1 . 

9. A catalyst component as claimed in claim 8, additionally containing a support. 

10. A process for. preparing a compound according to claim 1 of the formula I, 

TABULAR OR GRAPHIC MATERIAL SET FORTH AT THIS POINT IS NOT DISPLAYABLE 

L are identical or different and are each a <<pi>> ligand or an electron donor, n 
is equal to 1, 2, 3 or 4, 

M is a metal atom of group I I lb, IVb, Vb or VIb of the Periodic Table of the 
Elements, 

X is a heteroatom or a hydrocarbon group having 1-40 carbon atoms, 
X' is a hydrocarbon group having 1-40 carbon atoms, 

A is an atom of group lb, lib, Ilia, Illb, IVa, Va, Vb, VIb, Vllb or VHIb of the 
Periodic Table of the Elements, 

Rl are identical or different and are each a perhalogenated C subl -C sub4 0 - 
hydrocarbon radical, and m is equal to 1, 2, 3, 4 or 5, which comprises reacting a 
compound of the formula II 

TABULAR OR GRAPHIC MATERIAL SET FORTH AT THIS POINT IS NOT DISPLAYABLE 
TABULAR OR GRAPHIC MATERIAL SET FORTH AT THIS POINT IS NOT DISPLAYABLE 
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11. A zwiterionic transition metal compound of the formula 

TABULAR OR GRAPHIC MATERIAL SET FORTH AT THIS POINT IS NOT D I S PLAYAB LE 

L and L ' are identical or different and are each a substituted or unsubstituted 
cyclopentadienyl group; 

Z is a bridge linking together said L and L' and is a group of the formula CR2R 3 
or SiR2R3; 

R2 and R3 are identical or different and are each a hydrogen atom, a halogen atom, 
a C subl -C sub20 -alkyl group, a C subl -C sublO -fluoralkyl group, a C subl -C 
sublO -alkoxy group, a C sub6 -C subl4 -aryl group, a C sub6 -C sublO - fluoroaryl 
group, a C sub6 -C sub 10 -aryloxy group, a C sub2 -C sub 10 -alkenyl group, a C sub7 
-C sub40 -arylalkyl group, a C sub7 -C sub 40 -alkylaryl group, a C sub8 -C sub40 - 
arylalkenyl group, or R2 and R3 together with the atoms connected them form one or 
more rings, and R2 and 

R3 are optionally bonded to L; 

M is a metal atom of group IVb of the Periodic Table of the Elements; 

X-X 1 is a 3- to 5-membered saturated or unsaturated hydrocarbon chain which is 
unsubstituted or substituted by one or more C subl -C sub2 0 -hydrocarbon radicals; 
andthe Rl radicals are identical or different and are each a perf luorinated alkyl 
or aryl group having from 1 to 20 carbon atoms. 

12. A catalyst system for olefin polymerization comprising a transition metal 
compound of claim 11 and, optionally, a catalyst support material. 

13. A catalyst system as claimed in claim 12, wherein said catalyst system is 
essentially free of an aluminoxane except when said catalyst support material is 
present and is a solid aluminoxane. 

14. The catalyst as claimed in claim 8, wherein M is titanium, zirconium or 
hafnium. 

15. The catalyst as claimed in claim 12, wherein M is zirconium. 

16. The catalyst as claimed in claim 14, wherein an unsubstituted or 
M is Zr,n is equal to 2, 

L are identical or different and are each a substituted cyclopentadienyl group, 
where two radicals L are linked to one another via a bridge Z, and 

Z is CR2R3 or SiR2R3 or a unit Si--(CR2R3) subx --Si which links two fragments L 
subn M+XX'A--R 1 subm with one another, where x is an integer from 0 to 10, 

X and X' together form a three -membered to f ive-membered (C sub3 -C sub5 )- alkyl 
chain which is saturated or unsaturated and optionally substituted by C subl -C sub 
2 0 -hydrocarbon radicals, 

A is a metal of group lb, lib, Illb, IVa, Vb, of the Periodic Table of the 
Elements , 
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Rl are identical or different and are each a pentaf luorinated alkyl or aryl group 
having from 1 to 20 carbon atoms, 

R2 and R3 are identical or different and are each a hydrogen atom, a halogen atom, 
a C subl -C sub20 -alkyl group, a C subl -C sublO -fluoralkyl group, a C subl -C 
sublO -alkoxy group, a C sub6 -C subl4 -aryl group, a C sub6 -C sublO - fluoroaryl 
group, a C sub6 -C sublO -aryloxy group, a C sub2 -C sublO -alkenyl group, a C sub7 
-C sub40 -arylalkyl group, a C sub7 -C sub 40 -alkylaryl group, a C sub8 -C sub40 - 
arylalkenyl group andm is equal to 3. 

17. The catalyst as claimed in claim 8, wherein 
M is zirconium, n is equal to 2, 

L are identical or different and are each a substituted cyclopentadienyl group, 
where two radicals L are bonded to one another via a bridge Z, where Z is CR2R3 or 
SiR2R3, 

X and X' together form an unsaturated f our-membered (C sub 4 ) -alkyl chain whose 
hydrogen atoms can also be replaced by C subl -C sub2 0 -alkyl groups, 

A is a boron atom, 

Rl are identical and are each a pentaf luorophenyl group (C sub6 F sub5 ) , 

R2 and R3 are identical or different and are each a hydrogen atom, a halogen atom, 
a C subl -C sub20 -alkyl group, a C subl -C sublO -fluoralkyl group, a C subl -C 
sublO -alkoxy group, a C sub6 -C subl4 -aryl group, a C sub6 -C sublO - fluoroaryl 
group, a C sub6 -C sublO -aryloxy group, a C sub 2 -C sublO -alkenyl group, a C sub7 
-C sub40 -arylalkyl group, a C sub7 -C sub 40 -alkylaryl group, a C sub8 -C sub40 - 
arylalkenyl group and m is equal to 3. 

18. The compound as claimed in claim 1, wherein the transition metal compound of 
the formula I is selected from the group consisting of bis (cyclopentadienyl) Zr+CH 
sub2 CHCHCH sub2 

B - (C sub6 F sub5 ) sub3 ; bis (methyl cyclopentadienyl) Zr+CH sub2 CHCHCH%L 

2 subB - (C 6 subF 5 sub) 3 sub; bis (n-butyl cyclopentadienyl) Zr+CH 2 subCHCHCH 

2 subB - (C 6 subF 5 sub) 3 sub; bisindenylZr+CH 2 subCHCHCH 2 subB - (C 6 subF 5 
sub) 3%L; (tert-butylamido) dimethyl (tetramethyl-<<eta>>5- 
cyclopentadienyl) silaneZr+CH sub2 CHCHCH sub2 

B - (C sub6 F sub5 ) sub3 ; bis (2 -methylbenzoindenyl ) Zr+CH sub2 

CHCHCH sub2 B - (C sub6 F subs ) sub3 ; dimethylsilanediylbis (2 - 
methylindenyl) Zr+CH%L 

2 subCHCHCH 2 subB - (C 6 subF 5 sub) 

3 sub; dimethylsilanediylbisindenylZr+CH 2 subCHCHCH 

2 subB - (C 6 subF 5 sub) 3%L; dimethylsilanediylbis (2 -methylbenzoindenyl ) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F subs ) sub3 ; dimethylsilanediyl (2 - 
methylbenzoindenyl) (2 -methylindenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F subs ) 
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sub3 ; dimethylsilanediyl (2-methylbenzoindenyl) (2-methyl- 

4 -phenyl indenyl) Zr+CH sub 2 CHCHCH sub2 

B - (C sub6 F sub5 ) sub3 ; dimethylsilanediyl (2 -methylindenyl) (4- 
phenyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; 

dimethylsilanediylbis (2 -methyl -4 -phenyl indenyl) Zr +CH sub2 CHCHCH sub2 B - (C sub6 

F subs ) sub3 ; dimethylsilanediylbis (2 -methyl -4 , 6 - di i s op ropy 1 indenyl) Zr+CH sub2 
CHCHCH sub2 

B - (C sub6 F subs ) sub3 ; dimethylsilanediylbis (2 -methyl -4 -naphthyl indenyl) Zr +CH 
sub2 CHCHCH sub2 B - (C sub6 

F subs ) sub3 ; isopropylidene (cyclopentadienyl) (f luorenyl) Zr+CH%L 

2 subCHCHCH 2 subB - (C 6 subF 5 sub) 

3 sub; isopropylidene (cyclopentadienyl) (indenyl) Zr+CH 
2 subCHCHCH 2 subB - (C 6 subF 5 sub) 

3 %L ; [4 - <<eta> >5 - cyclopentadienyl -4 , 7 , 7 - trimethyl - 

(<<eta>>5-4 , 5, 6 , 7-tetrahydroindenyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F subs ) sub3 ; dimethylsilanediylbis (2 - 
me thylindenyl) Zr+0CH%L 

2 subCH 2 subCH 2 subB - (C 6 subF 

5 sub) 3 sub; dimethylsilanediylbisindenylZr+OCH 2 subCH 
2 subCH 2 subB - (C 6 subF 5 sub) 

3%L; dimethylsilanediylbis (2 -methylbenzoindenyl) Zr+ 
OCH sub2 CH sub2 CH sub2 B - (C sub6 

F subS ) sub3 ; dimethylsilanediyl (2 -methylbenzoindenyl) (2 -me thylindenyl) Zr+OCH 
sub2 CH sub2 CH sub2 

B - (C sub6 F subs ) sub3 ; dimethylsilanediyl (2 -methylbenzoindenyl) (2-methyl- 
4 -phenyl indenyl) Zr+OCH sub2 CH sub 2 CH%L 

2 subB - (C 6 subF 5 sub) 3%L; dimethylsilanediyl (2 -methylindenyl) (4 - 
phenyl indenyl) Zr+OCH sub2 CH sub2 CH sub2 

B - (C sub6 F sub5 ) sub3 ; dimethylsilanediylbis (2 -methyl -4 -phenyl indenyl) Zr +OCH 
sub2 CH sub2 CH sub2 B - 

(C sub6 F subs ) sub3 ; dimethylsilanediylbis (2 -methyl -4 , 6 - 
diisopropyl indenyl) Zr+OCH sub2 CH sub2 CH%L 

2 subB - (C 6 subF 5 sub) 3 sub; dimethylsilanediylbis (2 -methylindenyl) Zr+CH 
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2 subCHCHCH 2 subB - (CF 3 sub) 3 sub; dimethylsilanediylbisindenylZr+CH 2 
subCHCHCH 

2 subB - (CF 3 sub) 3%L; dimethylsilanediylbis (2-methylbenzoindenyl) Zr+ 

CH sub2 CHCHCH sub2 B - (CF sub3 ) %L 

3%L; dimethylsilanediyl (2-methylbenzoindenyl) (2 -methyl indenyl) Zr+CH sub2 CHCHCH 
sub2 B - (CF sub3 ) sub3 ; dimethylsilanediyl (2-methylbenzoindenyl) (2-methyl- 

4 -phenyl indenyl) Zr+CH sub 2 CHCHCH sub2 

CH sub2 B - (CF sub3 ) sub3 ; dimethylsilanediyl (2 -methyl indenyl) (4- 
phenyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (CF sub3 ) sub3 ; 

dimethylsilanediylbis (2 -methyl -4 -phenyl indenyl) Zr +CH sub2 CHCHCH sub2 B - (CF% L 

3 sub) 3%L; dimethylsilanediylbis (2 -methyl -4 , 6 -diisopropylindenyl) Zr+CH sub2 
CHCHCH sub2 

B - (CF sub3 ) sub3 ; dimethylsilanediylbis (2-methyl-4-naphthylindenyl) Zr +CH sub2 
CHCHCH sub2 B - (CF%L 

3 sub) 3 sub; dimethylsilanediylbis (2-methylindenyl) Zr+CH 

2 subC(CH 3 sub)C(CH 3 Sub)CH 2%LB - 

(CF sub3 ) sub3 ; dimethylsilanediylbisindenylZr+CH sub2 C(CH%L 

3 sub)C(CH 3 sub)CH 2 subB - (CF 3 sub ) 3%L; dimethylsilanediylbis (2- 
methylbenzoindenyl) Zr+ 

CH sub2 C(CH sub3 )C(CH sub3 ) CH sub2 B - (CF sub3 ) sub3 ; dimethylsilanediyl (2 - 
methylbenzoindenyl) (2-methylindenyl) Zr+CH sub2 C(CH sub3 ) C(CH%L 

3 sub)CH 2 subB - (CF 3 sub) 3%L; dimethylsilanediyl (2 -methylbenzoindenyl) (2 - 
methyl - 

4-phenylindenyl)Zr+CH sub2 C(CH sub3 )C(CH sub3 ) CH sub2 B - (CF sub3 ) %L 

3%L; dimethylsilanediyl (2-methylindenyl) (4 -phenyl indenyl) Zr+CH sub2 C(CH sub3 
)C(CH%L 

3 sub)CH 2 subB - (CF 3 sub) 3%L; dimethylsilanediylbis (2-methyl-4- 
phenyl indenyl) Zr +CH sub2 C(CH sub3 )C(CH sub3 ) CH sub2 

B - (CF sub3 ) sub3 ; dimethylsilanediylbis (2-methyl-4, 6 -diisopropylindenyl) Zr+CH 
sub2 C(CH sub3 )C(CH sub3 )C sub2 B - (CF sub3 ) sub3 ; dimethylsilanediylbis (2- 
methyl -4 -naphthylindenyl ) Zr +CH sub2 C(CH sub3 ) C(CH sub3 ) CH sub2 

B - (CF sub3 ) sub3 ; methylphenylmethylene (f luorenyl) (cyclopentadienyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; 
diphenylmethylene (f luorenyl) (cyclopentadienyl) Zr+CH%L 

2 subCHCHCH 2 subB - (C 6 subF 5 sub) 

3%L; isopropylidene (3-methylcyclopentadienyl) (f luorenyl) Zr +CH sub2 CHCHCH sub2 B 
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- (C sub6 

F sub5 ) sub3 ; dimethylsilanediyl (3 -tert-butylcyclopentadienyl) (f luorenyl) Zr+CH 
sub2 

CHCHCH sub2 B - (C sub6 F subS ) sub3 ; diphenylsilanediyl (3 - 

(trimethylsilyl) cyclopentadienyl) (f luorenyl) Zr+CH%L 

2 subCHCHCH 2 subB - (C 6 SubF 5 sub) 

3%L; phenylmethylsilanediylbis (2 -methyl indenyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F sub 5 ) sub3 ; 
pheny lme thy 1 s i lanediylbi s indenyl Zr+CH sub2 

CHCHCH sub2 B - (C sub6 F subB ) sub3 ; phenylmethylsilanediylbis (2 -me thyl-4 , 5- 
benzoindenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; 
phenylmethylsilanediyl (2 -methyl -4 , 5-benzoindenyl) ( 

2 -methyl indenyl) Zr+CH sub 2 CHCHCH sub2 

B - (C sub6 F subs ) sub3 ; phenylmethylsilanediyl (2 -methyl -4 , 5 -benzoindenyl) ( 

2 -methyl -4 -phenyl indenyl) Zr+CH sub 2 

CHCHCH sub2 B - (C sub6 F subs ) sub3 ; phenylmethylsilanediyl (2 -methyl indenyl) (4 - 
phenyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; 

phenylmethylsilanediylbis (2 -methyl -4 -phenyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C 
sub6 F subs ) sub3 ; phenylmethylsilanediylbis (2 -ethyl -4 -phenyl indenyl) Zr+CH sub2 
CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; phenylmethylsilanediylbis (2 -methyl -4 , 6 - 
dii sop ropy 1 indenyl) Zr+CH sub2 CHCHCH sub2 

B - (C sub6 F subS ) sub3 ; phenylmethylsilanediylbis (2 -methyl -4- 

naphthyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; ethylenebis (2- 
methyl indenyl) Zr+CH sub2 

CHCHCH sub2 B - (C sub6 F subs ) sub3 ; ethylenebis indenyl Zr+CH sub2 CHCHCH sub2 B 

- (C sub6 F subS ) sub3 ; ethylenebis (2 -methyl -4 , 5-benzoindenyl ) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; ethylene (2 -methyl -4, 5- 
benzoindenyl) (2 -methyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; 
ethylene (2 -methyl -4, 5-benzoindenyl) (2 -methyl - 

4 -phenyl indenyl) Zr+CH sub2 CHCHCH sub2 

B - (C sub6 F sub5 ) sub3 ; ethylene (2 -methyl indenyl) (4 -pheny lindenyl) Zr +CH sub2 
CHCHCH sub2 B - (C sub6 

F subS ) sub3 ; ethylenebis (2 -methyl -4, 5-benzoindenyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; ethylenebis (2 -methyl -4- 
phenyl indenyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; ethylenebis (2 -methyl -4 , 6 - 
di i sop ropyl indenyl ) Zr +CH sub2 CHCHCH sub2 B - (C sub6 
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F sub5 ) sub3 ; ethylenebis (2-methyl-4-naphthylindenyl) Zr +CH sub2 CHCHCH sub2 B - 
(C sub6 

F sub5 ) sub3 ; ethylenebis (2-ethyl-4-phenylindenyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F subs ) sub3 ; ethylenebis (2 -ethyl -4 , 6 - 
diisopropylindenyl) Zr +CH sub2 CHCHCH sub2 B - (C sub6 

F subs ) sub3 ; ethylenebis (2-ethyl-4-naphthylindenyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; dimethylsilanediylbis (2 -ethyl-4- 
phenylindenyDZr +CH sub2 CHCHCH sub2 B - (C sub6 

F subs ) sub3 ; dimethylsilanediylbis (2 , 3 , 5-trimethylcyclopentadienyl) Zr +CH sub2 
CHCHCH sub2 B - (C sub6 

F subS ) sub3 ; 

1,6- (bis [methylsilylbis (2 -methyl -4 -phenyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C 
sub6 F subs ) sub3 ])hexane; 

1,6- (bis [methylsilylbis (2 -ethyl -4 -phenyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 
F subs ) sub3 ])hexane; 

1,6- (bis [methylsilylbis ( 2 -methyl- 4 -naphthyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C 
sub6 F subS ) sub3 ])hexane; 

1,6- (bis [methylsilylbis (2 -methyl-4 , 5-benzoindenyl) Zr+CH sub2 CHCHCH sub2 B - (C 
sub6 F subS ) sub3 ])hexane; 

1,6- (bis [methylsilyl (2 -methyl -4 -phenyl indenyl) (2 -methyl indenyl) Zr+CH sub2 
CHCHCH sub2 B - (C sub6 F subS ) sub3 ])hexane; 

1,2- (bis [methylsilylbis (2 -methyl -4 -phenyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C 
sub6 F subS ) sub3 ]) ethane; 

1,2- (bis [methylsilylbis (2-ethyl-4-phenylindenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 
F subS ) sub3 ]) ethane; 

1,2- (bis [methylsilylbis (2-methyl-4-naphthylindenyl) Zr+CH sub2 CHCHCH sub2 B - (C 
sub6 F subS ) sub3 ] ) ethane; 

1,2- (bis [methylsilylbis (2-methyl-4, 5-benzoindenyl) Zr+CH sub2 CHCHCH sub2 B - (C 
sub6 F subS ) sub3 ]) ethane; and 

1,2- (bis [methylsilyl (2 -methyl -4 -phenyl indenyl) (2 -methyl indenyl) Zr+CH sub2 
CHCHCH sub2 B - (C sub6 F subs ) sub3 ]) ethane . 

19. The catalyst as claimed in claim 8, wherein the transition metal compound of 
the formula I is selected from the group consisting of bis (cyclopentadienyl) Zr+CH 
sub2 CHCHCH sub2 

B - (C sub6 F subS ) sub3 ; bis (methylcyclopentadienyl) Zr+C sub2 CHCHCH%L 
2 subB - (C 6 subF 5 sub) 3 sub; bis (n-butylcyclopentadienyl) Zr+CH 2 subCHCHCH 
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2 subB - (C 6 subF 5 sub) 3 sub; bisindenylZr+CH 2 subCHCHCH 2 subB - (C 6 subF 5 
sub) 3%L; (tert-butylamido) dimethyl (tetramethyl-<<eta>>5- 
cyclopentadienyl) silaneZr+CH sub2 CHCHCH sub2 

B - (C sub6 F sub5 ) sub3 ; bis (2-methylbenzoindenyl) Zr+CH sub2 

CHCHCH sub2 B - (C sub6 F subs ) sub3 ; dimethylsilanediylbis (2 - 
methyl indenyl ) Zr+CH%L 

2 subCHCHCH 2 subB - (C 6 subF 5 sub) 

3 sub; dimethylsilanediylbisindenylZr+CH 2 subCHCHCH 

2 subB - (C 6 subF 5 sub) 3%L; dimethylsilanediylbis (2-methylbenzoindenyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; dimethylsilanediyl (2- 
methylbenzoindenyl) (2 -methyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) 
sub3 ; dimethylsilanediyl (2-methylbenzoindenyl) (2-methyl- 

4 -phenyl indenyl) Zr+CH sub2 CHCHCH sub2 

B - (C sub6 F sub5 ) sub3 ; dimethylsilanediyl (2 -methyl indenyl) (4- 
phenyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; 

dimethylsilanediylbis (2 -methyl -4 -phenyl indenyl) Zr +CH sub2 CHCHCH sub2 B - (C sub6 

F sub5 ) sub3 ; dimethylsilanediylbis (2 -methyl-4 , 6 -diisopropylindenyl) Zr+CH sub2 
CHCHCH sub2 

B - (C sub6 F subS ) sub3 ; dimethylsilanediylbis (2-methylbenzoindenyl) Zr+ 

CH sub2 CHCHCH sub2 B - (CF sub3 ) %L 

3%L; dimethylsilanediyl (2-methylbenzoindenyl) (2 -methyl indenyl) Zr+CH sub2 CHCHCH 
sub2 B - (CF sub3 ) sub3 ; dimethylsilanediyl (2 -methylbenzoindenyl) (2 -methyl - 

4-phenylindenyl) Zr+CH sub2 CHCHCH sub2 

B - (CF sub3 ) sub3 ; dimethylsilanediyl (2 -me thylindenyl) (4-phenylindenyl) Zr+CH 
sub2 CHCHCH sub2 B - (CF sub3 ) sub3 ; dimethylsilanediylbis (2 -methyl -4- 
phenyl indenyl ) Zr +CH sub2 CHCHCH sub2 B - (CF%L 

3 sub) 3%L; dimethylsilanediylbis (2 -methyl-4 , 6 -diisopropylindenyl) Zr+CH sub2 
CHCHCH sub2 

B - (CF sub3 ) sub3 ; dimethylsilanediylbis (2-methyl-4-naphthylindenyl) Zr +CH sub2 
CHCHCH sub2 B - (CF%L 

3 sub) 3 sub; dimethylsilanediylbis (2 -methyl indenyl) Zr+CH 

2 subC(CH 3 sub)C(CH 3 sub) CH 2%LB - 

(CF sub3 ) sub3 ; dimethylsilanediylbisindenylZr+CH sub2 C(CH%L 

3 sub)C(CH 3 sub)CH 2 subB - (CF 3 sub ) 3%L; dimethylsilanediylbis (2 - 
methylbenzoindenyl) Zr+ 
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CH sub2 C(CH sub3 )C(CH sub3 ) CH sub2 B - (CF sub3 ) sub3 ; dimethylsilanediyl (2 - 

methylbenzoindenyl) (2-methylindenyl) Zr+CH sub2 C(CH sub3 ) C(CH%L 

3 sub)CH 2 subB - (CF 3 sub) 3%L; dimethylsilanediyl (2 -methylbenzoindenyl) (2 - 
methyl - 

4-phenylindenyl) Zr+CH sub 2 C(CH sub 3 )C(CH sub 3 ) CH sub 2 B - (CF sub 3 ) %L 

3%L; dimethylsilanediyl (2-methylindenyl) (4-phenylindenyl) Zr+CH sub2 C(CH sub3 
)C(CH%L 

3 sub)CH 2 subB - (CF 3 sub) 3%L; dimethyls ilanediylbis (2 -methyl -4 - 
naphthylindenyl) Zr +CH sub2 CHCHCH sub2 B - (C sub6 

F sub5 ) sub3 ; isopropylidene (cyclopentadienyl) (f luorenyl) Zr+CH%L 

2 subCHCHCH 2 subB - (C 6 subF 5 sub) 

3 sub; isopropylidene (cyclopentadienyl) (indenyl) Zr+CH 
2 subCHCHCH 2 subB - (C 6 subF 5 sub) 

3%L; [4 -<<eta>>5- cyclopentadienyl -4, 7, 7-trimethyl- 

(<<eta>>5-4, 5,6 , 7-tetrahydroindenyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; dimethylsilanediylbis (2 - 
methylindenyl) Zr+OCH%L 

2 subCH 2 subCH 2 subB - (C 6 subF 

5 sub) 3 sub; dime thy 1 si lanediylbis indenyl Zr+OCH 2 subCH 

2 subC 2 subB - (C 6 subF 5 sub) 3%L ; dimethylsilanediylbis (2 - 
methylbenzoindenyl) Zr+ 

OCH sub2 CH sub2 CH sub2 B - (C sub6 

F sub5 ) sub3 ; dimethylsilanediyl (2 -methylbenzoindenyl) (2 -methylindenyl) Zr+OCH 
sub2 CH sub2 CH sub2 

B - (C sub6 F subs ) sub3 ; dimethylsilanediyl (2 -methylbenzoindenyl) (2 -methyl - 
4 -phenyl indenyl) Zr+OCH sub2 CH sub2 CH%L 

2 subB - (C 6 subF 5 sub) 3%L; dimethylsilanediyl (2-methylindenyl) (4- 
phenyl indenyl) Zr+OCH sub2 CH sub2 CH sub2 

B - (C sub6 F subs ) sub3 ; dimethylsilanediylbis (2 -methyl -4 -phenyl indenyl) Zr +OCH 
sub2 CH sub2 CH sub2 B - 

(C sub6 F subs ) sub3 ; dimethylsilanediylbis (2 -methyl -4 , 6 - 
dii sop ropyl indenyl) Zr+OCH sub2 CH sub2 CH%L 

2 subB - (C 6 subF 5 sub) 3 sub; dimethylsilanediylbis (2 -methylindenyl) Zr+CH 

2 subCHCHCH 2 subB - (CF 3 sub) 3 sub; dimethylsilanediylbisindenylZr+CH 2 
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SubCHCHCH 

2 subB - (CF 3 sub) 3%L; dime thylsilanediylbis (2 -methyl -4 -phenyl indenyl) Zr +CH 
sub2 C(CH sub3 )C(CH sub3 ) CH sub2 

B - (CF sub3 ) sub3 ; dimethylsilanediylbis (2 -methyl -4 , 6 -diisopropyl indenyl ) Zr+CH 
sub2 C(CH sub3 )C(CH sub3 ) CH sub2 B - (CF sub3 ) %L 

3%L; dimethylsilanediylbis ( 2 -methyl- 4 -naphthyl indenyl) Zr +CH sub2 C(CH sub3 ) C(CH 
sub3 )CH sub2 

B - (CF sub3 ) sub3 ; methylphenylmethylene (f luorenyl) (cyclopentadienyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; 
diphenylmethylene (f luorenyl) (cyclopentadienyl) Zr+CH%L 

2 subCHCHCH 2 subB - (C 6 SubF 5 sub) 

3%L; isopropylidene (3-methylcyclopentadienyl) (f luorenyl) Zr +CH sub2 CHCHCH sub2 B 
- (C sub6 

F sub5 ) sub3 ; dimethylsilanediyl (3 -tert-butylcyclopentadienyl) (f luorenyl) Zr+CH 
sub2 

CHCHCH sub2 B - (C sub6 F sub5 ) sub3 ; diphenylsilanediyl (3 - 

(trimethylsilyl) cyclopentadienyl) (f luorenyl) Zr+CH%L 

2 subCHCHCH 2 subB - (C 6 subF 5 sub) 

3%L; phenylmethylsilanediylbis (2 -methyl indenyl ) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; 
phenylmethylsilanediylbisindenylZr+CH sub2 

CHCHCH sub2 B - (C sub6 F subS ) sub3 ; phenylmethylsilanediylbis (2 -methyl-4 , 5- 
benzoindenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; 
phenylmethylsilanediyl (2-methyl-4 , 5-benzoindenyl) ( 

2-methylindenyl)Zr+CH sub2 CHCHCH sub2 

B - (C sub6 F subs ) sub3 ; phenylmethylsilanediyl (2 -methyl-4 , 5 -benzoindenyl) ( 

2 -methyl-4 -phenyl indenyl) Zr+CH sub2 

CHCHCH sub2 B - (C sub6 F subS ) sub3 / phenylmethylsilanediyl (2 -me thylindenyl) (4 - 
phenyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; 

phenylmethylsilanediylbis (2 -methyl -4 -phenyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C 
sub6 F subS ) sub3 ; phenylmethylsilanediylbis (2 -ethyl -4 -phenyl indenyl) Zr+CH sub2 
CHCHCH sub2 B - (C sub6 F subS ) sub3 ; phenylmethylsilanediylbis (2 -methyl-4 , 6 - 
diisopropyl indenyl) Zr+CH sub2 CHCHCH sub2 

B - (C sub6 F subS ) sub3 ; phenylmethylsilanediylbis (2 -methyl-4 - 

naphthyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; ethylenebis (2 - 
methylindenyl) Zr+CH sub2 

CHCHCH sub2 B - (C sub6 F subs ) sub3 / ethylenebisindenylZr+CH sub2 CHCHCH sub2 B 
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- (C sub6 F sub5 ) sub3 ; ethylenebis (2 -methyl-4 , 5-benzoindenyl ) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; ethylene (2-methyl-4, 5- 
benzoindenyl) (2-methylindenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; 
ethylene (2-methyl-4, 5-benzoindenyl) (2-methyl- 

4 -phenyl indenyl) Zr+CH sub 2 CHCHCH sub 2 

B - (C sub6 F sub5 ) sub3 ; ethylene (2 -methylindenyl) (4 -phenyl indenyl) Zr +CH sub2 
CHCHCH sub2 B - (C sub6 

F subs ) sub3 ; ethylenebis (2 -methyl -4 , 5-benzoindenyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; ethylenebis (2 -methyl -4- 
phenyl indenyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; ethylenebis (2 -methyl-4 , 6 - 
diisopropyl indenyl) Zr +CH sub2 CHCHCH sub2 B - (C sub6 

F subS ) sub3 ; ethylenebis (2 -methyl-4 -naphthyl indenyl) Zr +CH sub2 CHCHCH sub2 B - 
(C sub6 

F subS ) sub3 ; ethylenebis (2 -ethyl -4 -phenyl indenyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F subS ) sub3 ; ethylenebis (2 -ethyl -4 , 6 - 
diisopropyl indenyl) Zr +CH sub2 CHCHCH sub2 B - (C sub6 

F subS ) sub3 ; ethylenebis (2 -ethyl -4 -naphthyl indenyl) Zr+ 

CH sub2 CHCHCH sub2 B - (C sub6 F subs ) sub3 ; dimethylsilanediylbis (2 -ethyl-4- 
phenyl indenyl) Zr +CH sub2 CHCHCH sub2 B - (C sub6 

F subS ) sub3 ; dimethylsilanediylbis (2 , 3 , 5- trimethylcyclopentadienyl) Zr +CH sub2 
CHCHCH sub2 B - (C sub6 

F subS ) sub3 ; 

1,6- (bis [methylsilylbis (2 -methyl-4 -phenylindenyl) Zr+CH sub2 CHCHCH sub2 B - (C 
sub6 F subS ) sub3 ]) hexane; 

1/ 6- (bis [methylsilylbis (2-ethyl-4-phenylindenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 
F subS ) sub 3 ] ) hexane ; 

1,6- (bis [methylsilylbis (2-methyl-4-naphthylindenyl) Zr+CH sub2 CHCHCH sub2 B - (C 
sub6 F subS ) sub3 ]) hexane; 

1, 6- (bis [methylsilylbis (2-methyl-4, 5-benzoindenyl) Zr+CH sub2 CHCHCH sub2 B - (C 
sub6 F subS ) sub3 ] ) hexane ; 

1,6- (bis [methylsilyl (2-methyl-4-phenylindenyl) (2-methylindenyl) Zr+CH sub2 
CHCHCH sub2 B - (C sub6 F subS ) sub3 ]) hexane; 

1,2- (bis [methylsilylbis (2 -methyl -4 -phenyl indenyl) Zr+CH sub2 CHCHCH sub2 B - (C 
sub6 F subS ) sub3 ]) ethane; 

1, 2- (bis [methylsilylbis (2-ethyl-4-phenylindenyl) Zr+CH sub2 CHCHCH sub2 B - (C sub6 
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F sub5 ) sub3 ]) ethane; 

1,2- (bis [methylsilylbis (2-methyl-4-naphthylindenyl) Zr+CH sub2 CHCHCH sub2 B - (C 
sub6 F sub5 ) sub3 ] ) ethane; 

1,2- (bis [methylsilylbis (2-methyl-4, 5-benzoindenyl) Zr+CH sub2 CHCHCH sub2 B - (C 
sub6 F subS ) sub3 ]) ethane; and 

1,2- (bis [methylsilyl (2 -methyl -4 -phenyl indenyl) (2 -methyl indenyl) Zr+CH sub2 
CHCHCH sub2 B - (C sub6 F subS ) sub3 ]) ethane . 

20. The compound as claimed in claim 1, wherein M is zirconium. 

21. The compound as claimed in claim 1, wherein M is a metal atom group IVb of the 
Periodic Table of Elements . 

END OF DOCUMENT 



Copr. ® West 2004 No Claim to Orig. Govt. Works 



